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ABSTRACT 
There have been numerous studies in which the reproductive 
cycles of teleosts have been correlated with either environmental 
cycles or associated physiological cycles, or both. Such correlation 
is seldom accurately achieved; usually because the reproductive cycle 
of the species concerned is lax, sometimes because only one or two 
factors of an integrated whole were examined. 
The powan of Loch Lomond, Coregonus lavaretus (L. ) (Teleostei, 
Salmoniformes) is the subject of a long-term study investigating its 
growth, in particular reproduction. This race is a freshwater glacial 
relict form of a boreal group, and thus has an exceptionally strictly 
times reproductive cycle. It thus represents an ideal subject for 
cyclical studies. 
This thesis investigates the relationship'between lipid storage 
and the reproductive cycle and the role of thyroid gland. 
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1. 
CHAPTER I 
General Introduction 
If body mass is to be maintained, absorbed dietary energy 
(from exogenous sources) must equal energy lost in maintenance and 
activity. Growth can occur from the deposition of protein when 
dietary energy exceeds these requirements. Energy is also stored 
in growth as the chemical energy of covalent bonds in proteins, 
fats, -and-carbohydrates. When food is insufficient to cover 
catabolism, growth of some organs or body components may occur at 
the expense of energy stored in others (endogenous sources). In the 
absence of any dietary input all energy for maintenance and activity 
must be provided from such endogenous sources (Brett & Groves, 1979). 
When energy intake is less than the maintenance level, the 
total energy content of the fish decreases., This decrease may be 
masked by corresponding decrease in weight because the water content 
usually increases. (Elliott, 1979). 
It has been shown that when fish are starved, there is an 
immediate decrease in lipid content followed by a gradual decrease in 
protein content while the water content increases (Niimi, 1972; 
Elliot, 1976). 
Extra energy available to the fish can be used for gonad 
production or somatic production. In some cases this extra energy 
may not be used for somatic growth because all the surplus energy is 
being used for gonad production, while in others the bulk of the energy 
is partitioned into somatic growth and maintenance rather than 
reproduction (Wootton, 1979). 
2. 
Usually gonadal development in males and females is synchronous, 
but in some cases it does not coincide closely, for example in the 
pike, ovulation in females does not always synchronise with spermiation 
in males (Billard & Breton, 1978). 
The reproductive cycle consists of two components: gametogenesis 
and spawning; the latter includes ovulation, oviposition, spermiation 
and sperm release and spawning behaviour (Billard & Breton, 1978). Three 
patterns of ovarian development can be seen in northern temperate-zone 
species (Wootton, 1979). [Firstly, those which spawn in autumn and 
early winter, which show a rapid increase in gonadosomatic index by 
mid-summed. In these species somatic maintenance and growth has priority 
during winter, spring and early summer, while this priority goes to 
ovarian development during late summer and autumn. 
[Secondly, 
late winter 
and spring spawners., in which the ovarian development continues steadily 
throughout autumn and winter]. The ovarian growth in these species 
occurs during the period of low temperature and short day length and 
probably low rates of food consumption. 
[Thirdly, 
late spring and 
summer spawners, in which the gonadosomatic index shows a rapid increase 
in the months just prior to spawning) The rapid increase in ovarian 
size, in these species, takes place in a period of increasing day length 
and temperature, and this may be associated with high rates of food 
consumption. 
Lipids in tissues of the fish body are found as structural 
formations in the cytoplasm or as deposits of reserve fat in the liver, 
muscles, bones, connective tissues and intestinal wall (Reshetnikov, et al. 1970" 
Lipids in fish are the main source of energy which is needed to ensure 
the processes of growth and weight increase, maturation of the gonads and 
" 3. 
et al" 
maintenance (Reshetnikov( 1970). "Teleosts are regarded as lipid- 
specialists ... " 
(Cowey & Sargent, 1972). 
Gonadal growth in fishes involves the accumulation of lipid and 
protein in the developing oocytes and spermatocytes (Shulman, 1974). 
Part of these lipids and proteins comes directly from ingested food, 
but, in winter-spawning species, a major proportion of these materials 
comes from reserves deposited in organs such as liver or muscle. It 
is therefore likely that these organs reflect the accumulation and 
utilization of these energy reserves. 
It has been thown that when female plaice, Pleuronectes platessa, 
did not feed but grew ovaries, 4O of the protein in the body and 64% 
of the lipid was used for the production of ova and for metabolism. 
Proteins were mainly used for egg production and lipids were mainly 
used for metabolism (Dawson & Grimm, 1980). 
Since some of the lipid deposits were used for gonad maturation, 
an inverse relationship between lipid deposits and gonad maturation has 
been found in many species, e. g. lampreys (Moore & Potter, 1976), 
goldfish (Delahunty & De Vlaming, 1980), and coregonines (Reshetnikov, et al. 
1970 & Dabrowsky, 1982). 
The effect of oestrogens on lipid deposition has been examined by 
De Vlaming et al. (1977) in the golden shiner, Notemigonus crysoleucas. 
The hepatosomatic index increased and both carcass and liver fat reserves 
were modified by oestradiol-173 treatment. These responses depended on 
the day length under which the fish were kept. On long or intermediate 
photoperiods (12 hr. light/12 hr. dark) the hormone induced fat 
deposition, but on short day length it caused lipid mobilization. The 
response to oestrogens could well be different at the higher temperatures 
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which normally obtain during the period of reproductive activity from 
that at low temperatures which normally suppress gonadal development 
(Baker and Wigham, 1979). 
The associated function of the thyroid gland in normal gonadal 
maturation was postulated by Ball (1960). Anti-thyroid drugs have 
been used to demonstrate the effect of absence of thyroid hormones 
on gonadal development. The initiation of spermatogenesis in juvenile 
Poecilia reticulata was blocked, and spermatogenesis in the adults 
was inhibited by thiourea (Pandey, 1970; Pandey & Leatherland, 1970). 
Prolonged thiourea treatment prevented vitellogenesis, reduced the 
number of mature ova in females, and inhibited spermatogenesis in 
male Heteropneustes fossilis (Prasada et al., 1972). Rangneker and 
Latey (1977) found that thiourea treatment blocked spermatogenesis 
and. oogenesis in Sarotherodon mossambica. 
Seasonal changes of thyroxine and triiodothyronine concentration 
in the plasma of adult brook trout Salvelinus fontinalis were examined 
by White and Henderson (1977). They found that there was a progressive 
fall in plasma triiodothyronine concentration during the period of 
gonadal maturation with lowest thyroxine and triiodothyronine. 
concentration occurring in spawning fish. 
The thyroid gland has been implicated in the process of sexual 
maturation (Sage, 1973). Pickering and Christie (1981) found that 
plasma thyroxine was significantly elevated in mature, ovulated female 
Salmo trutta, but there was no change in circulating thyroxine level 
in mature male fish. Osborn et al. (1978) found seasonal changes in 
plasma thyroxine and triiodothyronine concentrations in Salmo gairdneri, 
but were unable to correlate levels of circulating thyroxine and 
5. 
triiodothyronine with sex or state of maturity. However, experiments 
by Van Overbeeke and McBride(1971) suggested that androgens stimulate. 
thyroidal activity. 
The connection between reproductive activity and concomitant 
apparent activity of the thyroid gland in teleosts has been documented 
(Gorbman, 1969; Sage, 1973; Dodd, 1975). As it is known that large 
amounts of gonadal and adrenocorticosteroid hormones are secreted 
during gonad maturation in teleosts, some of the apparent thyroid 
activity may be due to the thyrotropic effect of the steroid hormones. 
Treatment of fish with androgens or oestrogens increased the thyroid 
gland activity in Mystus vittatus (Singh, 1968,1969), Poecilia 
reticulata (Sage & Bromage, 1970) and Oncorhynchug kisutch (Higgs et 
al., 1977). Thyroid hormone concentration did not respond to 
oestrogen or androgen in Salmo gairdneri (Milne & Leatherland, 1980). 
Evidence as to the involvement of thyroxine or triiodothyronine 
in lipid metabolism is scanty but indicative. La Roche et al. (1963, 
1966) found that there was a deposition of lipid in radiothyroidecto- 
mized fish. Barrington et al. (1961), Takashima et al. (1972) and 
Narayansigh & Eales (1975b) found that lipid reserves were lowered in 
thyroxine treated fish, which suggests that thyroxine or triiodothyro- 
nine are involved in lipid mobilization. 
Leatherland et al., 1980, showed that fish fed a high 
lipid diet had elevated plasma thyroxine and triiodothyronine levels; 
possibly a compensatory increase in hormone output needed to deal with 
increased lipid load. 
The influence of thyroid hormone treatment on the growth of 
teleosts has been reviewed by Donaldson et al. (1979). Growth of Salmo 
6. 
gairdneri, Salmo trutta, Salvelinus fontinalis, Oncorhynchus kisutch, 
Carassius auratus,, Lebistes reticulatus, Lepomis cyanellus, and 
Mugil auratus can be stimulated by thyroxine treatment. According to 
al 
Donaldson 1979) administration of triidothyronine promotes growth of 
teleosts. 
Narayansigh & Eales (1975a) found significant increases in the 
incorporation of amino acids after thyroxine or triiodothyronine 
treatment in Salvelinus fontinalis. Thyroxine treatment increased 
protein content of the liver and muscles in fed Ophicephalus punctatus 
maintained at 250C (Ray & Medda, 1973). 
In contrast, several studies have not found any effect of thyroxine 
treatment on the growth of_Salmo salar, Salvelinus fontinalis, 
Oncorhynchus keta, Platypoecilus variatus, Platypoecilus maculatus and 
Lebistes reticulatus (Donaldson et al., 1979). 
These contradictory findings have been attributed to lack of 
optimal environmental or experimental conditions, differences in method 
of hormone administration, dosage of hormone, improper control of 
ration, and the administration of thyroxine to fish in the presence of 
naturally occuring goitrogens and/or when the fish have been on low 
iodine intakes. These differences may also be due to the possibility 
that salmonids may respond differently to thyroid hormone treatment 
at different stages in their life history (Donaldson et al., 1979). 
The ability of thyroxine to stimulate growth is associated with 
the improved utilization of amino acids and decreased nitrogen excretion 
which follow the injection of this hormone into fed fish (Narayansigh 
&. Eales, 1975a, Smith & Thorpe, 1977). 
Concerning the implication of the thyroid gland in the causation 
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of migration, a possible hypothesis is that in spring when day 
length and water temperature increase, an increase in the activity 
of the pituitary gland (which produces both gonadotropic and 
thyrotropic hormones) takes place. The increase in the output of 
thyrotropin stimulates the thyroid to increase its output'of 
thyroxine (Wootton, 1976). This increase in the output of thyroxine 
means that thyroxine secretion is indirectly affected by water 
temperature and photoperiod. 
During the studies on the powan, it became clear some years 
ago that it was unrealistic to consider reproduction in isolation; 
reproduction is merely one of several growth processes (such as 
somatic growth, and the deposition and mobilization of storage 
products). The integrity of the reproductive cycle depends on the 
integrity of the other growth cycles, and the beginning of certain 
phases'of the reproductive cycle may well be geared to the completion 
of phases in the other growth cycles. Like the reproductive cycle, 
the other growth cycles are probably themselves contzolled by environ- 
mental and physiological factors. The aim of this project was, 
therefore, to investigate these "reproduction-associated" growth 
cycles, in particular, the cycle of lipid deposition and mobilisation. 
The whitefish, Coregoninae, form a subfamily of the Salmonidae. 
They are essentially a boreal group, inhabiting cold arctic and sub- 
arctic seas, and migrating up rivers to spawn in freshwater. Further 
south, coregonines exist in isolated landlocked populations generally 
in cold, deep freshwater lakes, as glacial relicts. There are such 
populations in northern Asia, Europe, and America. In the British 
Isles, populations exist in: 
9 
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Loch Lomond, Loch Eck (powan) 
Haweswater, Ullswater, Red Tarn (schelly) 
Llyn Tegid (gwyniad) 
Castle Loch, Mill Loch (Lochmaben vendace) 
Derwentwater, Bassenthwaite (Cumberland vendace) 
Lough Neagh, Lough Erne and the Shannon River system (pollan). 
The taxonomy and relationships of these populations is complex 
a 
(Maitland, 1970'Ferguson et a11978)but as the present study dealt with 
only one, and that in a restricted area of Loch Lomond, it was 
assumed that the fish used would be reasonably uniform genetically. 
Of these, the populations in Lough Neagh and Loch Lomond were 
formerly commercially fished, but since about 1945 the Loch Lomond 
powan have not been exploited, even by anglers (since the fish feed 
mainly on plankton, and seldom take a hook). The specimens caught, 
therefore, could be assumed to be free from artefacts caused by human 
interference. 
The vast majority of powan caught by the methods used in this 
study were between 3+ and 7+ years old (McCulloch, pers. com. ). During 
these years there is no significant change in their reproductive 
biology, so that a uniform basis for the study of cycles associated 
with reproduction. Unfortunately, a corollary is that few pre- 
reproductive individuals were available. 
Freshwater relict coregonine fish are a particularly favourable 
group for the study of environmentally synchronised cyclical phenomena, 
because their cycles are accurately timed (Scott, 1979). The 
reproductive cycle of the powan of Lbch Lomond has been studied over 
a period of many years, and has been shown to be accurate and consistent 
from year to year. (Scott, 1979, Scott et al., 1981). 
9. 
Powan are probably the most abundant species of fish in Loch 
Lomond (Slack et al., 1957), and can be caught in statistically 
useful numbers, under controlled conditions and close to the 
laboratory, so that processing can be carried out without delay. 
An additional advantage is their size (from 250 mm to350 mm in the 
age-groups most frequently caught), which is large enough for organs 
to provide sufficient material for analysis of individual fish, 
without recourse to highly sophisticated techniques. 
Loch Lomond is the largest freshwater lake in Great Britain, 
in terms of surface area (71 km2). It is second in terms of volume 
(7452 x 106 m3), and third in terms of depth (190 m). Because of its 
size, -the physico-chemical conditions of the loch tend to be consistent 
from year to year, so making extrapolation between years possible. 
The loch was formed by glacial erasion during the last Ice Age, and 
although originally marine, has been a freshwater loch for about the 
past 6000 years (Maitland, 1981). 
10. 
CHAPTER 2 
The reproductive cycle 
1. Introduction 
The reproductive cycles of teleost fish (and other animals) 
are highly adaptive: each species has evolved a cycle best suited 
to its own way of life. It is customary to sum this up by saying - 
reproductive cycles are timed in such a way that the young are 
produced at the most favourable time of year for their development 
(de Vlaming, 1974), but as Scott (1979) has pointed out, this is an 
oversimplification. In fact every stage (not only the culminating 
one - spawning) of the reproductive cycle is probably timed so as to 
happen at the optimal time of year. 
The reproductive cycle of Coregonus lavaretus has been described 
by Maitland (1970b); Fuller (1974); Fuller and Scott et al. (1976); Scott 
Rashid and Yekrangian (1981). The assessments of the reproductive 
cycle have so far been based on simple descriptive accounts or, at 
best, on changes in the gonadosomatic index, which is not a very 
precise way of judging gonad development because it conceals the fact 
that several physiologically discrete processes take place within the 
gonad. It is better to use actual changes in oocyte and spermatocyte 
development (Scott, 1979). 
Basically the growth of an oocyte can be divided into two phases: 
the first growth phase which involves an increase in the size and 
changes in the nucleus of the oocyte; the secondary growth phase in 
which yolk is accumulated in the oocyte. Vitellogenesis is regulated 
by the pituitary since hypophysectomy causes atresia of the 
vitellogenic stages (Barr, 19631 Khoo, 1975). 
ii. 
Spermatogenesis, the process in which spermatozoa are formed 
from spermatogonia, involves a proliferation of spermatogonia 
through repeated mitotic divisions to form primary spexmatocytes, 
which in turn undergo a meiotic reduction division to form secondary 
spermatocytes. The meiotic division of the secondary spermatocytes 
produces spermatids which then metamorphose into the motile 
spermatozoa. This process of spermatid metamorphosis is often 
called "spermiogenesis". Spermatogenesis occurs in cysts, each of 
which consists of a single generation of synchronously developing 
germ cells derived from one primary spermatogonium. There are 
several cytological descriptions of spermatogenesis in teleosts, 
e. g. Lofts et al. 
(1966); Mackay (1973 
The differences between various cell types are based on cell 
and nuclear size, the distribution of chromatin within the nucleus, 
and the staining properties of the cell. Since a detailed description 
of the maturation divisions is often lacking due to the small size of 
the chromosomal elements and the tendency of the chromosomes to adhere 
to each other (Hann, 1927; Hyder, 1969), electron microscopy is more 
useful than light microscopy to recognize and study the changes in 
the different stages of spermatogenesis. 
In the ovary on the other hand, since it was simple to recognize 
the different stages by light microscopy, electron microscopy was 
carried out only to follow the changes in the granulosa (inner layer) 
and the theca (outer layer) of the follicular cells which play an 
important role in providing nourishment for the developing oocyte 
(Droller and Roth, 1966; Nicholls and Maple, 1972). 
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Ultrastructural studies on spermatogenesis in fish are few: 
Brusl4 and Brusle (1978a, b)studied primordial germ cells, 
spermatogonia and primary spermatocytes in Liza auratus; Brusl6 
(1981), in the same species, studied the changes in late spermato- 
genesis from secondary spermatocytes to mature spermatozoa. Other 
studies of spermatogenesis are by Stanley (1969); Grier (1976); 
Tan (1976); Hogan (1973); Satoh (1974). Most investigations on 
fish are related to spermiogenesis and spermatozoa or to spermatozoa 
alone (Billard, 1970a, b; Jespersen, 1971; Grier, 1975a, b; Todd, 1976). 
The spawning period of powan is late December-January, and is 
generally taken to be the period during which ovulated ova are free 
in the abdominal coelom. Strictly speaking, the oocytes are at this 
stage outside the ovary, so that ovulation can be regarded as one of 
the "extragonadal" aspects of the reproductive cycle, like migration 
or courtship behaviour, etc. Since this project is concerned with 
relating growth cybles of the gonad with growth cycles in other tissues 
(e. g. muscle, fat, liver), it is therefore logical to consider mainly 
the "intragonadal" process observable in the gonad itself, because we 
know very little about the nature of the extragonadal processes in 
powan and we could hardly even guess at their energy requirements. 
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2. Material and Methods 
A. Sampling 
a. Sample dates and sizes 
Samples of powan were collected in Loch Lomond at approximately 
monthly intervals from December 1978 to January 1981. Nets were set 
at Sallochy Bay and between the Ross Islands (Fig. 1). The aim was 
to collect 100 fish at each sample, but on some occasions this target 
was not reached, while on others it was exceeded. A list of sampling 
dates and numbers of fish of each sex caught is given in Table 1. 
A total of 2956 powan was caught during this period. Similar 
sampling had been carried out intermittently since 1968, and is 
continuing at monthly or shorter intervals, as the basis of a long- 
term study of the phenology of powan (Scott, 1979). Data for all 
these samples are stored in one of the VAX 11/780 computers at St Andrews 
University, under the username ZOSDS. 
The fish were used for a variety of research projects concerned 
with the phenology of powan besides the present study, and not all the 
fish in any one sample were necessarily analysed for every factor 
under consideration. So, for example, histological examination of the 
gonads to assess reproductive status was carried out in only the first 
30 fish per sample (to avoid post-mortem changes). The actual numbers 
of fish used for each aspect of this study is indicated in the approp- 
riate chapter. Each fish was individually identified by number to 
enable correlation to be made between the various factors studied in 
this project, and factors studied by other workers using the same 
specimens. An individual listing of all the fish used in this study is 
provided in Appendix A. 
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Table 1. 
No of No of 
Date males Mean SD females Mean SD 
14.12.78 59 1.70 0.29 73 16.17 3.40 
18.1.79 77 1.89 0.59 57 10.57 9.51 
8.2.79 52 1.55 0.69 42 2.28 2,96 
22.2.79 34 1.12 0.66 41 1.85 2.13 
29.3.79 52 0.57 0.39 19 1.30 0,28 
5.4.79 59 0.49 0.30 46 1,23 0.28 
19.5.79 70 0.42 0.17 23 1.32 0.43 
3.7.79 48 0.34 0,12 27 1.64 0.52 
2.8.79 48 0.70 0,26 56 2.31 0.62 
29.8.79 53 1.55 0.64 31 4.28 0.74 
23.9.79 46 2,08 0.41 28 6.67 1.13 
18.10.79 52 2,27 1.44 55 9.82 1.73 
1.11.79 62 2.07 0.47. 55 12.08 2.48 
28.11.79 46 1.88 0.36 59 15.48 2.72 
16.1.80 79 2.26 0.60 21 . 
6.14 7.54 
28.2.80 54 0.83 0.70 49 1.90 2.71 
28.3.80 45 0.44 0,23 64 1.21 0.27 
16.4.80 64 0.39 0.18 35 2.84 5.11 
14.5.80 39 0.34 0.12 24 1.35 0.41 
25.7.80 51 0.78 0.29 17. 2.80 0.89 
21.8.80 45 1 .. 41 0.49 21 4.63 1.31 
19.9.80 17 2.28 0.41 15 6.85 1.54 
25.9.80 39 . 2.18 
0.43 36 7.93 1.23 
22.11.80 15 1.90 0.34 
. 
14 15.06 2,27 
15.12.80 12 1.68 0.32 13 19.14 1.87 
21.12,80 18 1.73.0.35 32 17.88 3.73 
24.1.81 51 1.71 0.56 32 4.85 6.26 
20.2.81 49 0.95 0.54 25 1.71 0.91 
20.3.81 55 0.59 0.38 44 1.51 0.64 
7.4.81 22 0.39 0,23 8 0.98 0.21 
26.4,81 17 0.33 0.30 11 0.89 0.24 
22.5.81 33 0.35 0.16 7 1,28 0.41 
6.6.81 34 0.39 0.17 31 1.87 4.16 
19.6.81 25 0.38 0.36 18 1.33 0.64 
16.7.81 36 0.77 0.69 32 1.83 0.79 
18.8,81 19 1.39 0.47 14 3.48 1.44 
24.9.81 13 2,28 0.75 17 6.37 2.62 
24.10.81 15 2.20 0.62 9 12.34 1.80 
26.11,81 55 1.86 0.35 55 15.68 2,00 
16.1.82 23 1.85 0.81 17 3.49 4.65 
Table 1. Gonadosomatic Index 
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b. Benthic gill-netting 
The unit net consists of a single sheet of nylon netting, about 
1m high and 25 m long. It is hung between line with floats at the 
top and a lead-cored line at the bottom. The net sinks to the 
bottom of the lake and is held in a vertical position by the floats. 
Two weights, one at each end of the lead line, anchor the net. Two 
buoys, attached one at each end of the float line by long cords, mark 
the position of the net at the surface. Units were joined to make up 
total lengths of from 200-400 m, depending on the availability of fish. 
The net is laid in a straight line in depths of from 5-30 in, from a 
rowing-boat. Fish become caught in the gill-net by swimming into and 
part way through the mesh to a position where they cannot disengage 
themselves. 
The nets used were of No. 0 nylon thread, with a mesh size of 
39 mm, knot-to-knot (Norsenet, Bergen). This mesh selects only large, 
mature powan over 300 mm in total length, thus providing uniform 
material for study. Smaller meshes of 19 mm, and 26 mm, 
were used when immature fish were needed. 
Nets were set between 1700 and 2000 hours, and lifted between 
1000 and 1200 hours the next day; these times being standardized to 
avoid any diel cyclical activity. Fish might thus be suspended in the 
net for up to 16 hours. This fishing technique is known to have 
effects on at least some components of the fish's physiology (Fuller 
et al., 1976; Scott and Rennie, 1980), but it is the only method at 
present available by which powan can be caught throughout the year. 
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c. Processing of fish 
The fish were transported to the laboratory in large polythene 
bags as soon as possible (within 30 minutes) to reduce the risk of 
post-mortem changes. Each individual was then marked with a 
numbered tag, weighed, measured and dissected; the weight of a 
number of body components taken, and samples of tissues taken for 
subsequent analysis. Each of these processes will be described in 
its appropriate chapter. In this chapter the following were measured: - 
(i) Total length 
The total length was measured on a graduated measuring board, 
to the nearest 1 mm. Total length was defined as the greatest length 
of the fish from its anteriormost extremity to the posterior tip of 
the fully extended caudal fin. 
(ii) Pork length 
The fork length was measured on a graduated measuring board, to 
the nearest 1 mm. Fork length was defined as the length of the fish 
from its anteriormost extremity to the posterior tip of the shortest 
median ray of the tail. 
(iii) Total weight 
The fish was weighed on a Piper Chemicals max. 1000 g electronic 
balance, with excess external water wiped off. The weight of the fish 
including the gonad was measured to the nearest 1 g. 
(iv) Gonad weight 
Gonads were dissected out and weighed to the nearest 1 mg. on a 
Mettler P120 balance. 
(v) Histological methods 
To assess gonad development, transverse "steaks" from half-way 
along the length of one gonad was taken from each of the first 30 fish 
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in each sample, after weighing the gonad. They were fixed in Bouin's 
(aqueous) fixative (Humason, 1972). Histological examination was 
limited to these initial fish to eliminate post-mortem changes in the 
gonad. From December 1978 to January 1980, out of these "steaks", 
those from 5 fish with the gonadosomatic index nearest to the mean 
were embedded in paraffin wax as follows: 
"Steaks" in Bouin's fixative were dehydrated in 30%, 50%, 70% 
ethanol for four hours in each. Picric acid was washed out by 
repeated changes of 70% ethanol with a few drops of saturated aqueous 
lithium carbonate. The "steak" was then further dehydrated in a 
2-methylpropan-2-0 (tertiary butyl alcohol) series: 
(1) 70% embedding alcohol: 
(distilled water 6, tertiary butyl alcohol 4,95% ethanol 10) 
for 24 hours. 
(2) 85% embedding alcohol: 
(distilled water 3, tertiary butyl alcohol 7,95% ethanol 10) 
for four hours. 
(3) 95% embedding alcohol: 
(tertirary butyl alcohol 11,95% ethanol 9) 
for four hours. 
(4) 100% embedding alcohol: 
(tertiary butyl alcohol 1,. 100% ethanol 1) 
for four hours. 
(5) Tertiary butyl alcohol 10o%, 
3 changes of 4,18, and 4 hours. 
(6) Tertiary butyl alcohol 1, paraffin 1 
for 12 hours. 
(7) Paraffin wax melting point 54.50C (BDH Chemicals Ltd. ) 
3 changes of 4,24,4 hours each. 
Sections 5l, m thick were cut on a Leitz rotary microtone and stained 
in Masson's trichrome(Humason, -1972). 
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B. Assessment of the reproductive cycle 
a. Visual 
The reproductive state was assessed visually when dissecting 
each fish. This method gives useful results at spawning time, but 
at most times of year is inexact. 
b. Gonadosomatic index 
The state of the reproductive cycle was also assessed by 
calculating the gonadosomatic index in both males and females. The 
gonadosomatic index was taken as the ratio of gonad weight to total 
weight, expressed as a percentage: 
Gonad weight (g) 
Gonadosomatic ratio =X 100 
Total weight (g) 
" The mean monthly gonadosomatic index was calculated for both 
males and females. The gonadosomatic index gives an indication of 
changes in gonad weight relative to body weight, and hence provides 
a reasonably sound assessment of the reproductive stage of powan 
(Scott et al., 1981). However, it gives only an overall estimate 
of activity without any indication of the diverse gametogenic and 
other processes involved. 
c. Histological 
To provide a more accurate assessment of the reproductive cycle, 
a histological examination of the gonads was carried out. Because 
histological methods are time-consuming, only the 5 males and 5 females 
whose gonadosomatic index lay closest to the mean gonadosomatic index 
for the sample were used for this purpose. 
In females the proportions of the various oocyte stages present 
were measured as follows: 
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The numbers of oocytes at each of the following four stages in 
a section were counted, and the results expressed as the percentage 
of each stage present per ovarian section. 
(1) Primary growth-phaseoocytes (previtellogenic, early/late). 
(2) Secondary growth-phase oocytes (endogenous vitellogenesis). 
(3) Secondary growth-phase oocytes (exogenous vitellogenesis). 
(4) Atretic oocytes (undergoing resorption). 
In males it was found in practice that the reproductive cycle 
could be satisfactorily assessed by gonadosomatic index alone, and 
therefore the proportions of the spermatocyte stages were not 
quantified, but were estimated subjectively. 
C. Electron microscopy 
Gonads used for electron microscopy were dissected out immediately 
after each fish was removed from the net, so that fixation was carried 
out within 1 min. A very small piece (not larger than a2 mm cube) was 
taken to be fixed, embedded, sectioned, and stained according to the 
following schedule: 
a. fixation 
(i) Reagents for fixation: 
(1) Gluteraldehyde fixative: - 
one part of 25% gluteraldehyde with nine parts of phosphate buffer. 
(2) Phosphate buffer (pH 7.4-7.9) - phosphate buffer was made up as 
follows: - 
a. Dissolve 3.4 gm of KH2PO4 anhydrous in 50 ml distilled water. 
b. Dissolve 3.55 gm of Na2HPO4 anhydrous in 50 ml disdilled water - 
warm to dissolve. 
Mix 4.36 of a with 31.8 ml of b in ä11 flask and make up to 11 
with distilled water. Check pH is in range 7.4-7.9. If not add 
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hydrochloric acid (HC1 0.1 m) or sodium hydroxide (NaOH 0.1 m) 
as required to bring pH to range 7.4-7.9. 
(3ý Osmium fixative: - 
Add 5 ml of phosphate buffer to 5 ml of 2% osmium tetroxide (0x04). 
(ii) Method of fixation: 
(1) Fix in gluteraldehyde fixative for one hour. 
(2) Wash in phosphate buffer, three changes of 5 minutes each. 
(3) Post-fix in osmium fixative for 1 hour. 
(4) Rinse in phosphate buffer; twice, 5 minutes each. 
(5)_ Dehydrate in ethanol 50%, 70%, 80,90%; 5 minutes in each. 
(6) Dehydrate in 100°fß ethanol, two changes of 5 minutes. Keep in 
100% ethanol for not more than 72 hours. 
b. embedding 
(i) Reagents: 
(1) 
. 
(1,2 epoxy propane) propylene oxide (BDII Chemicals Ltd. ). 
(2) "Araldite" (Balzers Ltd. ). 27 ml of äraldite resin CY212 with 
23 ml of araldite hardener HY964, and 1 ml of araldite accelaralor 
DY064. Mix well with a glass rod. 
(ii) Embedding: 
(1) Soak in propylene oxide (1,2 epoxy propane) three changes of 
20 minutes each. 
(2) Soak in 2 parts (1,2 epoxy propane) propylene oxide and 1 part 
araldite for 1 hour. 
(3) Soak in 1 part (1,2 epoxy propane) propylene oxide and 1 part 
araldite for 1 hour. 
(4) A petri dish was lined with foil paper, and the remaining "Araldite" 
was poured into it to form a layer of about 2 mm deep. Specimens 
were soaked in the Araldite for four hours; then the petri dish 
with the specimens was placed in the oven for at least 48 hours 
at 60°C. 
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c. sectioning 
A small cuboid block containing the tissue was cut from the 
hardened araldite, and mounted on an araldite peg. Blocks were 
trimmed to the desired size, not more than 1 mm x1 mm. Sections 
were cut on a LKB Ultratome III using glass knives made on a LKB 
knifemaker (type 7801B). At first 1 µm thick sections were cut, 
stained with methylene blue, and examined under the light microscope 
to orientate the relevant cells in ovary and testis. The block was 
then further trimmed down as much as possible to include only the 
cells needed. Thin sections (50-60 nm) were then cut, mounted on 
type 300 Veco grids 3.05 mm diameter (supplied by Emscope Laboratories 
Ltd. ). 
d. staining 
/ 
(1) Sections stained in uranyl acetate (saturated solution in 
50% ethanol, filtered before use) for 1.5 hours. 
(2) Wash in double distilled water for 1 minute, and dry. 
(3) Stain in lead citrate for 2 minutes (Reynolds, 1963). 
(4) Wash in 0.1N sodium hydroxide for 1 minute. 
(5) Wash in double distilled water, for 1 minute and dry. 
e. examination and photography 
Sections were examined on a Philips Electron Microscope EM 301 
HRG, operated at 60 KV, with a 30 µm objective aperture. The material 
was photographed on Ilford "EM" film at various magnifications. The 
plates were developed for 44, minutes at 20°C in Ilford PQ universal 
developer and fixed in "Amfix". 
22. 
3. Results 
A. Morphology of the gonads 
a. Testes 
(Plates 11-22 and 23-82) 
The testes were paired, elongated organs lying in the dorsal 
region of the body cavity, ventral to the swim-bladder. One or both 
of the testes had a process at the posterior end. The testes were 
attached to the body by the mesorchium, a sheet of connective tissue 
running along their length. The colour of the testes was creamy white 
when they were mature, but red during post-spawning resorption and in 
the early stages of maturation. Each testis was composed of many 
1 seminiferous tubules, which were of various sizes and shapes with thin 
membranous walls in the early stages of maturation. These walls became 
thicker in late stages and were very thick in spawned fish. Each 
tubule consisted of a number of cysts, where the spermatogenic elements 
of the testis lay. The cells in each nest were all at the same spermat- 
ogenic stage. Six spermatogenic stages were conveniently categorised as: 
(i) Early spermatogonia 
(ii) Late spermatogonia 
(iii) Primary spermatocytes 
(iv) Secondary spermatocytes 
(v) Spermatids 
(vi) Spermatozoa. 
(i) Early spermatogonia: 
(Plates 23,24,25,28,31; Table 2) 
The early spermatogonia, which usually lie isolated along the walls 
of the seminiferous tubules (Plate 81) are derived from the primordial 
germ cells which also lie along the walls of the seminiferous tubules. 
23. 
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The early spermatogonia (usually called primary spermatogonia) were the 
biggest cells in the testis (Plate 73). They were oval-shaped, having 
a mean length of 16.69 
+ 1.4 µm and a mean width of 12.79 
±'1.2 
µm. 
The nucleus of 10.99 
± 1.16 µm length and 9.09 
± 0.66 pm width was 
surrounded by a clear layer of cytoplasm bounded by a well-defined 
cell membrane. The nucleus/cytoplasm ratio was 0.94 
± 0.3 and the 
nucleus/cell ratio was 0.47 
± 0.08. The chromatin in the nucleus was 
well dispersed and the nucleolus was prominent. In some spermatogonia 
distinct clusters of chromatin material occurred all over the nucleus. 
Mitochondria were present in small numbers in the cytoplasm. Each 
early spermatogonium was usually close to a sertoli cell. 
(ii) Late spermatogonia 
(Plates 26,27,29; Table 2) 
Late spermatogonia were normally found in small groups, each cell 
or group surrounded by one or more sertoli cells. Late spermatogonia 
were smaller than early spermatogonia. They were also oval-shaped with 
a mean length of 13.2 - 1.73 µm and a mean width of 9.59 - 1.27 µm. 
The nucleus was 7.97 
1 1.35 µm in length and a mean width of 6.47 
± 
1.04 µm. It stained more deeply than that of the early spermatogonium, 
because the chromatin became more dense. Nucleus/cytoplasm ratio of 
the late spermatogonia was 0.71 
+ 0.23 and nucleus/cell ratio was 
0.41 ± 0.08. In late spermatogonia, the mitochondria were present in 
larger numbers than in early spermatogonia. No attempt to determine 
the number of mitotic divisions during spermatogonial development was 
made. 
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(iii) Primary spermatocytes 
(Plates 32-46; Table 2) 
Primary spermatocytes were present in groups. The mean length 
of the cell was 10.98 
t 1.49 pm and the mean width was 7.3 
± 1.31 µm. 
The nucleus was smaller than that in the late spermatogonium. The 
mean nucleus length was 7.54 
± 1.11 µm and the mean nucleus width was 
5.38 ± 0.9. The nucleus/cytoplasm ratio in primary spermatocytes was 
higher than those of both early and late spermatogonia. This ratio 
was 
was 1.25 
± 0.78. This increase in the ratio due to loss of the 
cytoplasm. Nucleus/cell ratio was 0.52 
± 0.13. The nucleolus was no 
longer visible in the late phases of the first meiotic division which 
formed the secondary spermatocytes. Mitochondria were still present 
in small numbers. The cytoplasmic bridges were present also. 
(iv) Secondary spermatocytes 
(Plates 47-58; Table 2) 
Secondary spermatocytes were formed by meiotic division of primary 
spermatocytes. They were smaller than the primary spermatocytes, their 
mean length being 6.98 
± 1.12 µm with a mean width of 5.72 
± 0.98 µm. 
The mean length of the nucleus was 5.29 
± 0.77 µm and its mean width 
4.4 ± 0.63 µm. The nucleus/cytoplasm ratio was 1.64 
± 0.76 and the 
nucleus/cell ratio was 0.59 
± 0.10. The nucleus stained more deeply 
than that of the primary spermatocytes. There were fewer mitochondria 
than in the primary spermatocytes. Cytoplasmic bridges were present. 
(v) spermatids 
(Plates 59-60; Table 2) 
Spermatids are the final products of the second meiotic maturation 
division. Each spermatid was spherical and stained deeply with Masson's 
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trichrome. Spermatids were the final stage of development which 
took place within the walls of the seminiferous tubules. Spermatids 
were formed in cysts but eventually the cyst wall ruptured and the 
spermatids were freed within the lumen. Spermatids were smaller than 
the secondary spermatocytes with a mean length of 5.38 
± 0.6 and a 
mean width of 4.17 
± 0.38. The nucleus was also smaller than that 
of the secondary spermatocytes with a mean length of 3.66 
± 0.41 pm 
and a mean width of 3.28 
± 0.37 µm. The nucleus/cytoplasm ratio was 
1.43 = 0.92 and the nucleus/cell ratio was 0.54 
± 0.13. Mitochondria 
were still present. In the late stage spermatid the nucleus stained 
very densely while the early stage spermatid was less dense. Cyto- 
plasmic bridges were present. 
(vi) Spermatozoa 
(Plates 67-70; Table 2) 
Spermatozoa were the smallest cell in spermatogenesis. Their 
mean length was 2.51 
± 0.18 pm and mean width 2.27 
± 0.22 µm. The 
nucleus had a mean length of 2.13 
± 0.3µm and a mean width of 
1.7 ± 0.17. The nucleus/cytoplasm ratio was very high (2.13 
± 1.04) 
due to a great reduction in the size of the cytoplasm. The nucleus/ 
cell ratio was 0.64 
1 0.13. Spermatozoa were found in the lumen of 
seminiferous tubules. - Cytoplasmic bridges were not observed. The 
chromatin consisted of many dense granules with great affinity to 
stain. Fine mitochondria were located posterior to the nucleus. 
These mitochondria were associated with little cytoplasm. The tail or 
flagellum of each fully formed spermatozoa was only slightly stained. 
b. Ovary of mature fish 
The ovaries were paired, elongated organs lying dorsal to the 
body cavity, ventro-lateral to the swim bladder. Each ovary was suspended 
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from the abdominal wall by a sheet of connective tissue, the mesovarium, 
which ran along the length of the ovary. The ovaries were yellowish- 
orange, and compact during the early stages of maturation, and they 
became less compact just before ovulation. Ovaries of post-spawning 
powan were flaccid and pallid in appearance. 
In maturing ovaries six stages of oocyte development were 
distinguished: 
(i) 0ogonia" 
Oogonia were found within the epithelium lining the ovigerous 
folds, and were commonly observed in ovaries soon after spawning. 
Oogonia occurred in nests or as solitary cells, embedded in the 
epithelium. The oogonium had a nucleus with a prominent nucleolus 
and a few chromatin threads around the periphery. The cytoplasm of 
oogonia was hardly stained with haematoxylin. 
(ii) Primary oocytes - first growth-phase 
(previtellogenic) 
(Plates 1-3 and 83-86) 
The transformation of an oogonium into an oocyte occurs when it 
enters the first meiotic prophase. During the first growth-phase, the 
nucleus stained very intensely with haematoxylin. These first growth- 
phase oocytes grew rapidly and there were 3 to 6 nucleoli within the 
section of a nucleus. 
In the early stage of the first growth-phase oocyte, there were 
few mitochondria and no oolemma, but there was a distinct single cell- 
layer granulosa separated from a thin layer of thecal cells by a base- 
went membrane. In the late stage of the first growth-phase oocyte, the 
oolemma began to form and some mitochondria appeared in the cytoplasm. 
The diameter of first growth-phase oocytes was 106 
± 30 µm for the early 
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stage first growth-phase oocytes and 221 
± 70 pm for the late stage 
first growth-phase oocyte. The oolemma at this stage was moderately 
developed. 
(iii) Primary oocytes - secondary growth-phase 
(vitellogeneic) 
(1) Endogenous vitellogenesis 
(Plates 3 and 87-94) 
Secondary growth-phase oocytes develop vacuoles first at the 
periphery spreading throughout the cytoplasm. Yolk first appeared in 
the vacuoles at the centre, and spread outwards. The cytoplasm lost 
its great affinity for haematoxylin stain, and so did the nucleus. 
The nucleoli increased in number (between 8 and 16) and moved near the 
periphery of the nucleus. In addition to the theca cells and granulosa 
cells, the oolemma was distinct. The diameter of late secondary growth- 
phase oocytes ranges from 423 - 50 µm to 723 - 80 iLm. 
(2) Exogenous vitellogenesis 
(Plates 4-9 and 95,97,99,100) 
Ripe oocytes were characterized by the presence of red-staining 
yolk in the ooplasm. As vitellogenesis advanced, the ooplasm was. gradually 
filled with yolk granules of varying sizes. The smallest yolk granules 
were present at the periphery of the ooplasm and the larger ones were 
usually near the centre of the ooplasm. There was no final fusion of 
the individual yolk granules before ovulation. There were circular 
perforations in the oolemma which were a transverse section of the radial 
canals running through the oolemma. These radial canals through the 
oolemma would enable the cytoplasm of the oocyte to come into contact 
with the granulosa, and subsequently the transport of nutrient material 
from the granulosa to the cytoplasm of the oocyte. The diameter of 
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exogenous growth-phase oocytes ranged from 723 
t 80 µm in early July 
to 2160 ± 210 pm in December prior to spawning. 
(iv) Secondary oocytes 
Secondary oocytes are formed after first meiotic division. 
They were translucent. 
(v) Ova 
The second meiotic division to ova is completed at ovulation, 
and immediately afterwards the ova escaped from the ovary to lie free 
in the body cavity. Maturation and ovulation are completed probably 
within 24-48 hours in powan. 
(vi) Atretic oocytes 
(Plate 10) 
Atretic oocytes were formed by the degeneration of unspawned 
oocytes. According to Tan (1976) in the initial stage of atresia the 
granulosa cells hypertrophy and start invading the oocyte, causing a 
breakdown of the oolemma. The granulosa cells, at this early 
stage of atresia, become phagocytic and begin engulfing parts of the 
oocyte and oolemma. In the following stage, thecal cells and blood 
vessels invade the oocyte, and the whole follicular structure appears 
to be in a state of disorganization as remains of the oocyte and oolemma 
are gradually being resorbed. The late stage of atresia involves the 
complete resorption of the oocyte. 
B. Seasonal changes in gonadosomatic index 
(Table 1, Figs 2& 3) 
The gonadosomatic index (percentage of gonad weight to total 
weight) was calculated in both males and females to determine the 
changes in gonad weight throughout the year. 
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In males, the gonadosomatic index fell gradually after spawning 
as unshed spermatozoa were resorbed, to a minimum in early July. In 
some post-spawning individuals there were many residual spermatozoa, 
in others few (suggesting differential genetic contribution to 
reproduction). Mitotic division of spermatogonia began immediately 
after spawning, and primary spermatocytes first appear in May. The 
first significant increase in the gonadosomatic index, however, did 
not occur until after the summer solstice, when secondary spermatocytes 
and spermatids appeared. After the summer solstice, the 
gonadosomatic index increased rapidly to a maximum of 2 to 2.5% of 
total weight by mid-summer. Thereafter it declined somewhat during 
spermiogenesis, until spawning time when there may be a transitory 
increase due to hydration. 
In females, the gonadosomatic index fell from about 20% of total 
weight at spawning time to less than 2% within one month, and it 
remained without significant change until mid-summer. During January 
to March all vitellogenic oocytes remaining in the ovary were 
atretically resorbed. Although atretic oocytes were still present, 
endogenous vitellogenesis began in early March. From March to April 
the population of endogenous oocytes in ovarian sections increased to 
33% of the oocytes present. About mid-summer, exogenous vitellogenesis 
began; by December 70o of all oocytes were at this stage. The 
percentage of endogenous phase oocytes fell correspondingly to 0% in 
December. Only during exogenous vitellogenesis was there any significant 
increase in the gonadosomatic index. 
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C. Seasonal changes in gametogenesis 
a. Males 
(Table 1) 
Spermatozoa and spermatids were not completely eliminated 
from the seminiferous tubules until May/June (although in some 
individuals earlier and in some later), which was why the testes 
during those months were heavier (i. e. higher G. S. I. ) than those of 
July, which had no spermatozoa left from the previous season. 
In April and May, although some tubules were still packed with 
spermatids and spermatozoa from the past season, mitotic division of 
spermatogonia had begun and even a few primary spermatocytes could be 
seen in the tubules (plate 13). 
In early July, cysts of secondary (late) spermatogonia exceeded 
in number those of primary (early) spermatogonia, and the primary 
spermatocytes were more common at this stage than they were in May. 
In early and late August, cysts of primary spermatocytes and 
secondary spermatocytes were abundant. By this time cysts of spermatids 
were formed. Spermiogenesis started about September 
(plate 20) and 
spermatozoa were seen within the tubules. 
By mid-September, spermatozoa were abundant, and the spermatogonia 
were much less common than they were in the early stages of 
spermatogenesis (plate 20). Cysts of both primary and secondary 
spermatocytes were still common at this stage. 
In mid October, most of the tubules were already packed with 
spermatozoa. Cysts of spermatids, primary and secondary spermatocytes 
could still be found. 
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In late November, almost all the tubules were packed with 
spermatozoa. Other stages could occasionally be found within the 
tubules. 
In mid December, all tubules were packed with spermatozoa, as 
fish were by then ready for spawning. 
b. Females 
(Table 3; Fig. 4) 
The seasonal charges in the ovary are associated with the growth 
of the numerous oocytes embedded within the ovigerous lamellae. 
(i) Oogonia 
The percentage of oogonia was 24.3% during the spawning period 
in January, and remained without significant change in early February. 
A highly significant increase to 35. '7% occurred in late February and it 
remained without significant change in late March. In early April a 
highly significant decrease to 22. a% occurred. There was no significant 
change in May. The percentage of oogonia fell significantly to only 
7.3% in early July. There was no significant change in early August. 
In late August another fall to 3.8% occurred. In September no oogonium 
was found. In mid October oogonia started appearing again, and the 
ovary contained 2.7% oogonia out of the cells. No oogonium was found 
throughout November until spawning was taking place in January, when the 
percentage of oogonia was 28.4%. 
(ii) Primary oocytes - early first growth-phase. 
The percentage of early growth-phase oocytes was 30.7% during the 
spawning period in January. There was no significant change in early 
February. In late February a significant increase to 39. c occurred. 
There was no significant change in late March, early April, May or early 
33. 
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Fig. 4 
1. Oog; onia (Fire stippling: 
) 
2. Primary oocyte - early firs t growth-phase 
(black dots). 
3. Primary oocyte - late first growth-phase 
(open square; ). 
4. Primary oocyte - secondary growth-phase 
(endogenous) (:?.. n rea), 
5. Primary oocyte - secondary grow: "th-phase 
(exogenous) (black crosses). 
6. Atretic (black area). 
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July. In early August a highly significant increase to 36.9% occurred 
(from 25.9% in early July). There was no significant change in late 
August. In mid September a highly significant decrease to 15.9% 
occurred. There was no significant change in mid October. In early 
November, the percentage of early first growth-phase oocytes fell to 
8%, but was followed by-another increase to 18.4% in late November 
prior to spawning. In January, during the spawning period a highly 
significant increase to 39.4% occurred. 
(iii) Primary oocytes - late first growth-phase. 
During the spawning period in January the percentage of late 
first growth-phase oocytes was 28.9%, followed by a highly significant 
increase to 41% in early February. A highly significant decrease to 
18.1% occurred in late February, followed by a rise to 25% in late 
March; and to 29.9% in early April. There was no significant change in 
the percentage of late first growth-phase öocytes throughout May and 
early July. In early August a highly significant decrease to 14% 
occurred followed by a further fall to 10.8% in late August. In mid 
September, a highly significant rise to 24.9% occurred, and remained 
without significant change in October. In early November, a highly 
significant decrease to 20.9% occurred, and there was no significant 
change until the spawning period in January. 
(iv) Primary oocytes - secondary growth-phase. 
(1ý Endogenous vitellogenesis 
The percentage of secondary growth-phase primary oocytes undergoing 
vitellogenesis was 5.6% of the total number of oocytes during the 
spawning period in January. There was no significant change in early 
February. A highly significant rise to 6.6% occurred in late February 
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from only 1.9% in early February. There was no significant change 
in late March. A highly significant increase to 22.1% occurred in 
early April, and remained without significant change in May. In 
early July, a significant decrease occurred when it reached 13.2% 
followed by a gradual decrease to 9.4% in early August, and 3.9% in 
late August. There was no significant change in September, and 
October. No endogenous growth-phase primary oocytes were found in 
early and late November prior to spawning. During the spawning 
period in January, a highly significant rise in the percentage 
occurred, when the ovary contained 4.1% endogenous growth-phase 
oocytes of the total number of the other stages. 
(2) Exogenous vitellogenesis 
The ovary contained 9% exogenous growth-phase oocytes in 
January during the spawning period. None were found throughout 
early and late February, late March, early April and May. Exogenous 
growth-phase'oocytes appeared in early July when the ovary contained 
24.6% of the total number of oocytes. There was a gradual increase 
thereafter, to 34% in early August, 43% in late August, and 57.2% 
in mid September. There was no significant change in mid October, 
but a highly significant increase to 71.2% occurred in early November. 
In late November a significant decrease to 60.6% occurred, followed 
by a highly significant decrease to only 5.3% during the spawning 
period in January. 
(v) Atretic oocytes 
Atretic oocytes were only found after spawning. During the 
spawning period in January the percentage of atretic oocytes was 
1.6%, followed by a decrease to 0.3% in early February. There was no 
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significant change thereafter. 
It is clear from the above that from early February until early 
April most of the oocytes were in the first growth-phase during which 
changes occurred within the nucleus together with an increase in the 
size of the oocytes. At this stage the oocytes were not of the same 
size, and the nucleus contained numerous nucleoli which stained deeply 
with haematoxylin. 
The presence of secondary growth-phase oocytes in the endogenous 
phase of vitellogenesis in early April suggested that endogenous 
vitellogenesis started at that time. Exogenous vitellogenesis did not 
begin until after midsummer and continued until December. The numbers 
of first growth-phase oocytes and endogenous growth-phase oocytes 
decreased reaching very low values by December. 
The size of exogenous growth-phase oocytes increased gradually 
from 723 ± 80 µm in July until it reached its maximum of 2160 
± 130 µm 
in December just prior to spawning. 
D. Spawnink 
Spawning takes place mainly if not entirely on off-shore gravel 
banks 2-10m deep. 
a. Males 
Spawning in males took place during the last week of December and 
the first three weeks of January 1979-1980. At that time, or perhaps 
earlier, ripe males migrated to the spawning grounds where they remained 
until the end of the spawning period. 
As spermatozoa were shed, the tubules walls thickened as internal 
pressure was reduced, and the testis became highly vascularized. 
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b. Females 
Before and during the spawning period in January, the ripe 
females cruise in open water. Each individual fish upon ovulation 
migrated to the spawning ground, spawned and returned to the open 
water, and this explained why a sex ratio of about 10 males to 1 
female was obtained when gill-netting on the spawning grounds. 
Actively ovulating fish had translucent ova released from the 
follicles and escaping from the cloaca. 
Spawning continued for 3 to 4 weeks. Spawning and post- 
spawning fish were much infected by skin disease, notably Saprolegnia 
and traces of infection remain until March. The general condition of 
fish was poor at that time. 
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4. Discussion 
The reproductive cycle as based on the gonadosomatic index 
differed in males and females, but each showed a remarkable 
consistency from year to year (Fuller, et al., 1974; Fuller et al., 1976; 
O'Connell, 1978; Scott, 1979). - 
The intragonadal phases of the reproductive cycle can be 
specified more precisely by reference to the occurrence of the 
various gametogenetic stages rather than by gonadosomatic index alone. 
In males, at the time when gonadosomatic index was low before 
spermatogenesis started in April, the testes contained only spermat- 
ogonia, but mitotic division had already begun. Primary spermatocytes 
first appeared in May, and became very common during July and Augusts. 
Secondary spermatocytes first appeared in August. Spermatids, which 
break free from the cysts in the seminiferous tubules, did not appear 
until late August and September. Spermatozoa appeared with the fall 
in gonadosomatic index after November. This fall in gonadosomatic 
index was probably due to the reduction in cytoplasmic volume from 
secondary spermatocytes and spermatids to spermatozoa. During and 
after spawning, the testes became progressively depleted of sperm- 
atozoa. 
In females, the ovaries contained oogonia and primary growth- 
phase oocytes in February and March. Growth of these oocytes continued 
until April, when endogenous vitellogenesis began. Vitellogenesis was 
indicated by the appearance of yolk precursors near the periphery of 
the oocyte. True yolk deposition began in early July, when oocytes were 
undergoing exogenous vitellogenesis. Just prior to spawning time, the 
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ovary was largely populated by fully-developed yolk-laden primary 
oocytes, though production of younger stages persisted. Final meiotic 
maturation and ovulation were rapid, probably occupying a matter of 
hours only. Very conspicuous changes in colour and translucency of 
the oocytes gave visual indication of the course of maturation. As 
in all salmonids, ovulation was particularly easily recognized, as all 
the ova break free from the previously coherent ovary to lie loose in 
the coelom. It is not known whether all the ova of the individual are 
shed in a single session or over several days. Following ovulation, 
the ovary contained only early growth-phase primary oocytes, a few 
unspawned yolky oocytes, and follicular calyces. All the vitellogeneic 
oocytes became atretic and were resorbed over the period from January 
to late February. In March all atretic remains had disappeared. 
Spawning took place on off-shore gravel banks and also, 
according to Maitland (1970) on gravel shores around the loch generally. 
Males gather on the spawning grounds in December (Maitland, 1970), 
although heterosexual spawning activity does not begin until about the 
winter solstice, and spermiation not until the same time. The 50-50 
distribution of the sexes caught at other times of year is altered by 
this migration, so that samples of the spawning grounds between December 
and January generally consist 9c of males. Spawning begins about the 
winter solstice and continues for 3 to 4 weeks. 
During the spawning period, catches on the spawning grounds comprised 
80-90fo males. Individual females move on to the grounds as they ovulate, 
and leave after oviposition, whereas males probably congregate on the 
spawning grounds some time before spawning. At this time catches con- 
sisting almost entirely of females are sometimes made in open water. The 
eggs are heavily predated by the pärents, presumably mostly the males. 
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CHAPTER 3 
Lipid deposition and mobilization 
1. Introduction 
Tissues which develop cyclically, like the gonads, depend on 
the availability of the resources provided initially by the food. 
It may happen, however, that food is not immediately available at 
the optimal time for gonad development. In such cases, reserves are 
stored in the form of fat, carbohydrates, and protein for metabolism 
and gonad maturation at the appropriate time. 
There are seasonal variations in lipid content related to the 
feeding and reproductive periods of the fish. Overwintering fishes, 
those that stop feeding and lower their level of metabolism in winter, 
accumulate large amounts of fat in summer, which is slowly expended 
during the overwintering period. In young, individuals, which, in 
contrast to the adults, do not stop feeding in the winter, there is 
not usually a sharp fluctuation in the fat content (Nikolsky, 1963). 
In powan, much reproductive activity (in particular spawning activity) 
occurs at a time of year when food might be expected to be scarce (Slack et al 
1957), and storage of the rich plankton feeding of summer would be a 
likely strategy. 
Storage of lipid in fishes is widespread and has been the subject 
of studies from a practical point of view, as it is of significance 
when fish are used as food (Shulman, 1974). 
In different groups of fishes there are variations in the 
distribution of the lipid among the various organs. In the gadoids 
the fat accumulates in the liver. In eels, the muscle is the main site 
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of fat accumulation. There are differences also in the amount of 
fat contained in the eggs of fishes (Nikolsky, 1963). In white 
fishes, fat accumulates primarily in the body cavity on the gut and 
in the muscle (Reshetnikov et al., 1970). 
The role of lipid reserves for gonadal maturation has been 
studied in the goldfish, Carassius auratus (Delahunty and de Vlaming, 
1980); the whitefish, Coregonus lavaretus (Reshetnikov et al., 1970); 
the three-spined stickleback. Gas terosteus aculeatus 
Wootton et al., 1978); female minnows, Phoxinus phoxinus 
(Wootton & Mills, 1979); female plaice, Pleuronectes platessa (Dawson 
& Grimm, 1980); adult perch, Perca fluviatilis (Craig, 1977); 
Trichogaster pectoralis (Hails, 1983). 
A successful reproductive cycle may depend on a successful lipid 
cycle, and it has been suggested that coregonines which have not built 
up enough fat, fail to spawn that year (Reshetnikov et al., 1970). 
In the first part of this study, a preliminary survey was carried 
out to determine the main storage sites of lipids in powan, and to 
establish which storage depot might be most usefully employed to 
follow seasonal patterns of change. For this purpose the lipid content 
of the gonad, the liver, the muscle and the visceral fat body 
associated with the gut were measured. These measurements, a comparison 
of September, October, November, January, February, and March, gave 
the extremes in the year. 
In the second part of this study, the annual cycle of deposition 
and mobilisation of lipid in the visceral fat body was studied to 
determine the relationship' between the deposition and mobilisation of 
fat and the reproductive cycle. 
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2. Materials and Methods 
A. Sampling 
Fish were caught as described in Chapter 2 and after the length 
and weight were taken, a mid-ventral out was made, and the gut with 
the attached visceral fat body was removed. In some specimens, 
liver, gonad and muscle were also taken to analyse partitioning of 
lipids in different body components. Guts, liver, gonad and muscle 
were then stored at -20°C to prevent any loss in lipid contents. 
B. Lipid determination 
Lipid was determined by using the method of Bligh and Dyer 
(1959) as follows: each gut, liver, gonad and muscle sample was weighed 
after the gall bladder had been punctured, and the gut contents 
removed. The sample was put into a polythene bag and homogenized in 
a Colworth "stomacher". A mixture of chloroform: methanol was then 
added so that the volumes of"chloroform, methanol and water in the 
sample were in the proportion 1: 2: 0.8 respectively (allowance 
must be made for the water content of the sample itself. Specimens 
were dried in an oven at 60°C and dry weight was measured. Water 
content was approximately 80%). Samples were then homogenized for 
2 minutes. Chloroform was then added such that its proportion was 
doubled, and homogenized for 30 seconds. Distilled water was then 
added in the same amount as the second addition of chloroform, and 
homogenized for a further 30 seconds. The proportion of chloroform, 
methanol and water would now be 2: 2: 1.8. The mixture was filtered 
by using a "Whatman" 541 filter paper in a Buchner funnel, and the 
filtrate was transferred to a graduated cylinder. The volume of the 
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chloroform layer (lower layer) was noted. An aliquot of 5 ml of 
chloroform was pipetted into a weighed, clean and dry conical flask. 
The chloroform was removed on a warm water bath (40°C) with a stream 
of oxygen-free N2, and then in a vacuum oven for 30 minutes at 40°C. 
The flask with the residue was cooled in a dessicator and weighed. 
The weight of the residue in the flask was then calculated. 
The percentage of lipid in the organ was calculated from the 
formula: 
residue weight volume of the chloroform 
(g) X layer (ml) 
Lipid% =X 100 
aliquot (ml) X sample weight 
From the values obtained by this formula, the weight of lipid in 
each organ was calculated, and hence the following indices: 
a. Gonadoliposomatic index 
The gonadoliposomatic index expresses the lipid content of the 
gonad as a percentage of somatic weight. 
weight of lipid in gonad 
Gonadoliposomatic index =X 100 
somatic weight of fish 
b. Hepatoliposomatic index 
The hepatoliposomatic index expresses the lipid content of the 
liver as a percentage of somatic weight. 
Hepatoliposomatic index = 
c. Musculoliposomatic index 
weight of lipid in liver 
somatic weight of fish 
R 100 
The musculoliposomatic index expresses the lipid content of the 
muscle as a percentage of somatic weight; 
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weight of lipid in muscle 
Musculoliposomatic index =X 100 
somatic weight of fish 
d. Visceroliposomatic index 
The visceroliposomatic index expresses the lipid content of the 
gut and visceral fat body, as a percentage of somatic weight. 
weight of lipid in gut 
Visceroliposomatic index = X. 100 
somatic weight of fish 
In the seasonal cycles the viscero liposomatic index was used 
as an index of lipid storage generally. 
e. The liposomatic index 
The liposomatic index expresses the total lipid content of the 
whole body (taken as the sum total of all the organs measured) to the 
total weight of the fish. 
Total weight of lipid 
Lipsosomatic index =X 100 
Total weight of fish 
All these indices are subject to the failing that the denominator, 
weight, fluctuates. However, they are simple to deal with, and so long 
as it is realised that they do not provide absolute figures, can be 
useful indications of change. 
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3. Results 
A. Lipid content of organs 
This section of the project was a preliminary survey to decide 
which organ would be most useful as an index of seasonal variation. 
This preliminary survey included the following: 
a. Percentage of lipid content of individual tissues. 
b. Lipid content relative to somatic weight. 
c. Distribution of lipid within body. 
d. Liposomatic index. 
a. Percentage of lipid content of individual tissues 
(i) Somatic muscle 
The mean percentage of lipid in somatic muscle was low. The total 
weight of muscle relative to total body weight is so great however, that 
despite its low percentage content of lipid, a high proportion of the 
body's lipid resides in the muscle. 
In females (Table 4; Fig. 5), the mean percentage of lipid 
in the muscle was 4.3% in September, followed by a significant fall to 
3.8 in October. In November, a highly significant fall to 2.7% occurred, 
and in January, during the spawning period, followed a further 
highly significant fall to 1.4%. By early February, just after the 
spawning period, there was no significant change in the percentage of 
lipid in the muscle. In late February there was a further highly 
significant fall to only 1.0f, and it remained with no significant change 
in March. 
In males (Table 4; Fig. 6) the percentage of lipid in the 
muscle was 2.4% in September, followed by a highly significant rise to 
46. 
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3.7% in October. In November, there was no significant change in 
the percentage of lipid in the muscle. In January, during the 
spawning period, the percentage of lipid in the muscle fell 
significantly to 1.4% and remained with no significant change in 
early February when it was only 1.3%. In late February there was 
a highly significant fall to 1.1%, followed by a highly significant 
rise to 1.5% in March. 
The percentage of lipid in the muscle was significantly higher 
in males than females in November and March, but higher in females 
than males in September. 
In immature females, the mean percentage of lipid in the muscle 
was 1.7% in September. There was no significant change throughout 
November, January-, February and March. (Table 4; Fig. 7) 
In immature males, the mean percentage of lipid in the muscle 
was 1.5% in November. There was no significant change in January and 
early February. In late February a significant fall to 0. a% occurred, 
followed by a highly significant rise to 1.2% in March. (Table 4; Fig. 8) 
(ii) Percentage of lipid in the liver 
In mature females (Table 4, Pig. 9 ), the percentage of lipid 
in the liver was 5.4% in September, followed by a highly significant 
fall to 3.95% in October. In November, prior to spawning, another 
highly significant fall to 3.3% occurred. In January, during the 
spawning period, a highly significant fall to 2.8% occurred. There was 
no significant change in the percentage of lipid in the liver in early 
February, followed by a highly significant fall to only 0.8% in late 
February, with no significant change in March. 
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48. 
In mature males, the percentage of lipid in the liver was 
6.3% in September, and it remained without significant change 
throughout October and November. In January, during the spawning 
period there was a highly significant fall to 2.9%, followed by a 
significant fall to 2.1% in early February. The percentage of lipid 
in the liver continued to fall in late February when it reached 
O. g%. In March, there was no significant change in the percentage 
of lipid in the liver. (Table 4; Fig. 10). 
There were no significant differences in the percentage of 
lipid in the liver between males and females. 
In immature females (Table 4; Fig. 11), the percentage of lipid 
in the liver was 3.6% in September. There was no significant change 
throughout November, January, February and March. 
In immature males (Table 4; Fig. 12), the percentage of lipid in 
the liver was 5.3% in November. There was no significant change in 
January. In early February a 'significant decrease to 2.6% occurred, 
followed by a further highly significant decrease to 1.2% in late 
February. In March a highly significant rise to 2.5% occurred. 
(iii Percentage of lipid in the viscera 
The visceral fat body was defined, for convenience in processing, 
as the fat which adhered to the gut when the gut was dissected out by 
. cutting the oesophagus and the rectum, less the liver and any gut 
contents. 
In females (Table 4; Fig. 13 ), the percentage of lipid in the 
viscera was 20.70 in September, followed by a highly significant decrease 
to 12.6% in October, followed by a further fall to 5.6% in November prior. 
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to spawning. There was no significant change in the percentage of 
lipid in the viscera during the. spawning period in January. In early. 
February, late February and March no significant change occurred in 
the percentage of lipid in the viscera. Although there was no monthly 
statistical significant change throughout the period from November 
prior to spawning to March after spawning, the difference between 
November and March values was highly significant. 
In males (Table 4; Fig. 14 ), the percentage of lipid in the 
viscera was 28.4% in September, followed by a highly significant fall 
to 21.7% in October. In November there was a highly significant rise 
to 30.5%. In January, during the spawning period a highly significant 
fall to 12.2% occurred. The percentage of lipid in the viscera 
remained with no significant change throughout February and March. 
The percentage of lipid in the viscera was highly significantly 
higher in males than females from September until March. 
In immature females (Table 4; Fig. 15 ), the percentage of lipid 
in the viscera was 21.9% in September. There was no significant change 
in November and January. A significant fall to 11.6% occurred in late 
February from 21.5% in January. In March a significant rise to 18.3% 
occurred. 
In immature males (Table 4; Fig. 16 ), the percentage' of lipid 
in viscera was 35.7% in November, followed by a significant fall to 
17.2% in January. There was no significant change in early February. 
A highly significant fall to 11.8% occurred in late February, followed 
by a highly significant rise to 17.9% in March. 
50. 
(iv) Percentages of lipid in the gonads 
In females (Table 4; Fig. 17 ), the mean percentage of lipid 
in the ovaries was 11.8% in September. There was a highly 
significant fall to 10.6% in October, and a further highly significant 
fall to 9.6% in November. In January, during the spawning period, a 
highly significant decrease to 2.3% occurred, followed by a further 
highly significant fall to only 0.3% in early February. The mean 
percentage of lipid in the ovaries remained without significant change 
throughout February and March. 
In males (Table 4; Fig. 18 ), the mean percentage of lipid in 
the testes was 2.1% in September, followed by a highly significant 
rise to 3.9% in October and 4.8% in November. In January, during the 
spawning period, a highly significant decrease to 1.1% occurred. The 
mean percentage of lipid in the testes remained with no significant 
change throughout February and March. 
The percentage of lipid in the gonad was highly significantly 
higher in females than males between September and February, but there 
was no significant difference in March. 
b. Lipid content in individual body components relative to somatic 
weight 
Changes in the percentage lipid content of the tissues do not 
necessarily indicate whether an actual build-up or otherwise of lipid 
in the tissue is occurring. For example, although the percentage of 
lipid in the ovary is falling throughout autumn (see above) the size 
of the ovary is increasing rapidly at this time, so that the total 
lipid stored there is increasing. To determine when each tissue 
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sampled was depositing and mobilising its lipid, the lipid content 
of each tissue was calculated relative to the somatic weight of the 
fish. The use of somatic weight rather than total weight eliminated 
the reproductive cycle from consideration. 
(1) Gonadoliposomatic index 
In females (Table 5; Fig. 19), the gonadoliposomatic index 
indicated that the ovary was the site of considerable deposition 
until spawning time when there was virtually a complete loss of 
lipid due to the shedding of ova. In September, the gonadoliposomatic 
index in females was 1.0, followed by a highly significant rise to 1.6 
in October. In late November, prior to spawning, there was a further 
highly significant rise and the gonadoliposomatic index reached its 
maximum value of 1.9. In January, during the spawning period, a 
highly significant fall occurred because of the loss of ova, and the 
gonadoliposomatic index dropped to the value of 0.05. This decrease 
was followed by a further highly significant decrease to only 0.01 in 
early February. The gonadoliposomatic index remained without 
significant change throughout February and March. 
In males (Table 5; Fig. 20), the gonadoliposomatic index of 
0.06 in September was followed by a significant rise to 0.08 in October 
and by a further highly significant rise to 0.1 in November prior to 
spawning. During the spawning period, in January, there was a highly 
significant decrease to 0.03. After spawning, the gonadoliposomatic 
index remained without significant change during February and March. 
Since the gonads of immature fish in both sexes were of negligible 
weight the gonadoliposomatic index was effectively zero. 
(ii) Musculoliposomatic index 
52. 
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53. 
The musculoliposomatic index showed that there was some loss 
of lipid from the muscle during the final stages of gametogenesis 
and spawning in females, and during spawning only in males. 
In females (Table 5; Fig. 21), the musculoliposomatic 
index was high during the pre-spawning period. In September, it was 
4.1, followed by a significant decrease to 3.6 in October, and by a 
further highly significant decrease to 2.6 in November. During the 
spawning period in January, a highly significant'decrease to 1.3 
occurred, and remained with no significant change in early February. 
There was a further highly significant decrease to 0.97 in late 
February, and no significant change in March. 
In males (Table 5; Fig. 22 ), the musculoliposomatic index was 
2.3 in September, followed by a highly significant increase to 3.5 
in October. There was no significant change in November. Over the 
spawning period, a highly significant decrease to 1.4. occurred in 
January. There was no significant change in early February. A 
highly significant decrease to 1.01 occurred in late February, followed 
by a highly significant increase to 1.4 in March. 
In immature females (Table 5; Fig. 23 ), the musculoliposomatic 
index was 1.6 in September, followed by a highly significant decrease 
to 1.0 in November. By January, there was no significant change in 
the musculoliposomatic index. In February, there was a highly 
significant decrease to 0.9 and no significant change in March. 
In immature males (Table 5; Fig. 24 ), the musculoliposomatic index 
was 1.1 in November and it remained without significant change in 
January and early February. In late February a significant decrease to 
0.8 occurred. In March, there was a highly significant increase to 1.3. 
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54. 
(iii) Visceroliposomatic index 
In females, the visceroliposomatic index was 0.87 in September; 
t followed by a highly significant decrease to 0.42 in October, and 
a further highly significant decrease to 0.14 in November. Until 
February, during the spawning period, there was no significant change 
in the visceroliposomatic index, but in early February a significant 
decrease to 0.09 occurred. There was no significant change there- 
after throughout February and March. (Table 5; Fig. 25) 
In males, the visceroliposomatic index was 0.94 in September, 
and remained with no significant change in October. A highly signif- 
icant rise to. 1.04 occurred in November. From then until January, 
during the spawning period, there was a highly significant decrease 
to 0.33. There was no significant change in the visceroliposomatic 
index during February and March. (Table 5; Fig. 26) 
In immature females, the visceroliposomatic index was 1.20 in 
September, and there was no significant change from then until January. 
In late February a highly significant decrease to 0.47 occurred (from 
1.08 in January). There was no significant change in March. 
(Table 5, Fig. 27) 
In immature males, the visceroliposomatic index was 1.50 in 
November, and decreased significantly to 0.84 in January. There was 
no significant change in early February, but in late February a highly 
significant decrease to 0.44 occurred, followed by a significant rise 
to 0.67 in March. (Table 5; Fig. 28) 
(iv) Hepatoliposomatic index 
In females, the hepatoliposomatic index was 0.07 in September, 
and remained with no significant change until November, when a signif- 
icant fall to 0,04 occurred. In January, during the spawning period, 
(Table 5; Fig. 29 
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55. 
there was no significant change in hepatoliposomatic index, nor 
throughout February and March. 
In males, the hepatoliposomatic index was 0.04 in September, 
and remained without significant change throughout October and 
November. In January, during the spawning period, a highly 
significant decrease to 0.01 occurred, and in early February, a 
significant rise to 0.02. In late February there was no significant 
change in the hepatoliposomatic index. (Table 5; Fig. 30) 
Changes in hepatoliposomatic index indicated that, in both sexes, 
there was little variation in liver lipid content at any time. 
In immature females, the hepatoliposomatic index was 0.024 in 
September, followed by a significant rise to 0.08 in November. In 
January, a significant fall to 0.01 occurred. There was no significant 
change throughout February and March. (Table 5; Fig. 31) 
In immature males, the hepatoliposomatic index was 0.04 in 
November. There was no significant change in January. In February, a 
highly significant decrease to 0.01 occurred, followed by a highly 
significant rise to 0.02 in March. 
(Table 5 Fig. 32) 
c. Distribution of lipid within the body 
Although the percentage of lipid content was highest in the ovary 
and in the visceral fat body, it does not follow that the bulk of lipid 
" stores in powan were located at these sites. The total weight of the 
muscle is relatively so great that its total lipid content may be 
enormous. Table 6 shows the distribution of total lipids within the 
various body components studied, expressed as the mean percentage of 
the total body weight of lipid contributed by each tissue. 
Fig. 30. 
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56. 
(i) Mature females (Table 6; Fig. 33) 
In mature females, the ovary contained 16.91% of the total body 
lipids in September. A highly significant rise to 28.56% occurred in 
October, followed by a further highly significant rise to 39.93% in 
November prior to spawning. In January, during the spawning period, a 
highly significant fall to only 2.93% occurred. This lipid would have 
been mostly or entirely lost from the body during the shedding of ova. 
There was no significant change throughout February and March. 
The liver of mature females never contributed a significant 
amount to the total lipid content of the body. In September, the liver 
contained only 1.28% of the total body lipids. There was no significant 
change in October. A highly significant fall to only 0.95% occurred in 
November. In January, over the spawning period, a highly significant 
rise to 2% occurred. There was no significant change throughout February 
and March. 
The muscle in females accounts for not less than 56% of the total s 
body lipid. In September, the muscle contained 68.37% of the total body 
lipids, followed by a highly significant fall to 63.06% in October. In 
November, just prior to spawning, the muscle contained only 56.1% of the 
total body lipids. In January, during the spawning period, a highly 
significant increase to 86.25% occurred, followed by a further highly 
significant increase to 92.41% in early February. There was no 
significant change by March. 
The visceral fat body in females contributed a significant amount 
to the total body lipids. In September, long before the ovary was fully 
mature, the visceral fat body contained 13.45% of the total body lipids. 
A highly significant decrease to 7.3% occurred in October, followed by a 
57. 
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1. Ovary (Fine stippling). 
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3. Viscera (black dots) 
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Fig. 34. 
1. Testes (fine sti'pplingý; ). 
2. Liver (blank area) 
3. Viscera (black dots) 
4. Muscle (diagonal hatching 
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Fig. 35. 
1. Liver (blank area) 
2. Viscera (black crosses) 
3. Muscle (diagonal hatching 
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1. Liver (blank area) 
2. Viscera (black crosses) 
3. Muscle (diagonal hatching) 
Fig. 5(). 
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further highly significant decrease to 3.02% in November, prior to 
spawning. In January, over the spawning period, a highly significant 
increase to 8.81% occurred, followed by a significant decrease to 
5.54% in early February. There was no significant change in late 
February and March. 
(ii) Mature males (Fig. 34; Table 6) 
The testes contained only 2.01% of the total body lipids in 
September. There was no significant change in October and November. 
In January, during the spawning period, and in early and late February, 
there were no significant changes in the percentage of lipid contributed 
by the testes to the total body lipids. A significant decrease to a 
very low value of only 0.42% occurred in March from 1.37% in late 
February. 
The liver in males, as in females, did not contribute a significant 
amount to the total body lipid. In September, the liver contained only 
1.24o of the total body lipids. There was no significant change through- 
out October and November. In January, over the spawning period, there 
was a significant increase to 0.94% after being 0.72% in November. 
There was no significant change in early February. A significant fall 
to 0.52% occurred in late February, with a further fall to only 0.2% 
in March. 
The muscle in males, as in females, contributed a significant 
amount to the total body lipid throughout the period of study. In 
September, the muscle contained 68.44% of the total body lipid, followed 
by a highly significant increase to 79.22% in October. In November, a 
highly significant decrease to 73.65% occurred. During the spawning 
period in January,. the percentage of. lipid_contributed by the muscle to 
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the total body lipid rose significantly to 78.24%. In early 
February, there was no significant change, but a highly significant 
decrease to 71.34% occurred in late February. There was no signif- 
icant change in March. 
The visceral fat body in males contributed a significant amount 
to the total body lipids. In September, the visceral fat body 
contained 28.31% of the total body lipid, followed by a highly 
significant decrease to 18.07 in October. A significant 'increase to 
23.37% Occurred in November. In January, during the spawning period, 
a significant decrease to 18.79% occurred. There was no significant 
change in early February. In late February a highly significant increase 
to 26.78% occurred. In March there was no significant change in the 
percentage of lipid contributed by the visceral fat body to the total 
body fat. 
From the above it is clear that the muscle in males contributed 
less lipid to the total body lipid than in females, while the visceral 
fat body in males contributed more lipid to the total body lipid than 
in females. It is clear also that the ovaries contributed more lipid 
to the total body lipid than the testes, and the liver contributed 
an insignificant amount of lipid in both sexes. 
(iii) Immature females (Fig. 35; Table 6) 
The ovary of immature females contributed a negligible pro- 
portion of the total body lipids. 
The liver of immature females, contained only 0.872 of 
the total body lipids in September. In November a significant rise to 
5.29% occurred. There were no significant changes in January, February 
and March. 
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The visceral fat body of immature females contributed 42.04% 
to the total body lipids in September, and remained with no 
significant changes during November, January, February and March. 
The muscle in immature females contributed 57.09% to the total 
body lipids in September. There were no significant changes during 
November, January, February and March. 
(iv) Immature males (Fig. 33; Table 6) 
The testes in immature fish were of negligible weight. 
The liver made no significant contribution to the total body 
lipid in immature maleg. In November, the liver contributed 3.01% 
to the total body lipids. There were no significant changes in 
January and early February. In late February, a highly significant 
fall to 0.41% occurred, followed by a significant rise to 0.72% in 
March. 
The visceral fat body in immature males contributed a signifi- 
cant amount to the total body lipids throughout the period of study. 
In November, the visceral fat body contained 31.01% of the total body 
lipid. There were no significant changes throughout January, February 
and March. / 
The muscle in immature males contained 65.95% of the total body 
lipid in November. There were no significant changes during January, 
February and March. 
in 
It is clear from the above that/both immature females and immature 
malep, significant amounts of lipid come from the muscle and the 
visceral fat body, while the liver and the gonad contained insignifi- 
cant amounts of the total body lipids. 
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d. The Liposomatic index 
Although the distribution of lipids within the body evidently . 
varies seasonally(Figs 33-36)it does not give any indication of whether 
the total lipid content of the body is rising or falling. Change in 
total lipid content of the body was determined by calculating the 
liposomatic index, to relate the weight of lipid in the fish (taken 
as the sum total of lipid in all the organs measured) to the total 
weight of the fish. 
In mature females, the liposomatic index was 5.57 in September, and 
remained with no significant change in October. In November, prior to 
spawning, a highly significant decrease to 3.87 occurred, followed by 
a further highly significant decrease to 1.5 in January during the 
spawning period. There were no significant changes thereafter, during 
early February, late February and March. (Table 5; Fig. 37) 
In mature males, the liposomatic index was 3.29 in September, 
followed by a highly significant increase to 4.33 in October. There was 
no significant change prior to spawning in November. During the spawning 
period in January there was a highly significant decrease to 1.71. 
After the spawning period, as in females, there were no significant 
changes during February and March. (Table 5; Fig. 38) 
In immature females, the liposomatic index was 2.83 in 
September, followed by a highly significant decrease to 1.96 
in November. There was no significant change in January. In late 
February, a significant decrease to 1,35 occurred, followed by a 
significant rise to 1.96 in March. (Table 5; Fig. 39) 
In immature males, the liposomatic index was 2.61 in November. 
There were no significant changes during January and early February. 
Fig. 37. 
CO 
lý_J 
Li_i 
LLJ 
L1 
F--1 
E-- 
Cý 
C., 
O 
C-L 
__I 
F-1H 
4 
i 
- ---- // 
!- -_--H 
i 
ý. _ 
Li_ 
i 
i 
i 
i 
D 
i 
f 
ý. 
i 
i 
(f 
CD In o in o In C, In o In o Ir C) In c1 
Fl `r aß3. 
U) 
Lii 
_i T 
>; 
Lii 
O 
1 
2_ 
IL 
( 
.) 
cý 
U) 
C) 
CL 
.1 
-D 
_ý 
i 
L__I 
__1_- 
i-- j___1_ß " 
-1 
O Sl O LIl O LJl OLn 
f- `O `D L'l 11 v` v6 N") 
4- 
U) 
L. rl O LIl o L. rl C 
Fig. Jýs 
(f) 
LiJ 
_J 
K. ý 
L1_I 
Li. 
_ 
LiJ 
CY- 
4 
-- 
LLJ 
C1 
r-. 
Li 
CJ 
(r) 
C) 
Q_. 
__J 
ý ----ý - ---I 
f ----- ----1 
__ý 
i 
H 
i 
', --ý 
i 
i 
1_ 
i 
-- 
I 
i 
o 
i 
ý cn 
in O Ln C-1 SG in C) in 
C% 
L(1 S7 rý Pn C"i CV - C; 
(, '-) 
l1J 
C_1 
r_) 
M---1 
F 
lJ 
U) 
CD 
a_ 
F----- -: ,-- --- . 
f------- 
\ý 
: -ý------{ 
ý/ 
/; 
i 
l 
ýi .. C. 
t 
i 
i 
i 
a. 
Li 
__ ý 
:1 
ýý 
i 
D 
il ! 
In CD Lfl OL f') G Lfl O L: 1 C) 
L'i 
-4. ýý' NM c' Cv -- -- O 
12, 
A hijhly significant decrease to 1.20 occurred in late February, 
followed by a hi. rhly significant increase to 1 . 96 in Piarc: h. 
(Table 5; Fig. 40). 
P. Annual cycle of deposition and mobilisation of lipid in the 
visceral fat body 
From the results obtained in the preliminary survey, it is clear 
that lipids are stored mainly in the visceral fat body and in the 
muscle. Since the percentage of lipid content in the muscle is low, 
and an unknown quaritity, of it may be structural rather than mobilisable, 
the main measurable lipid store is therefore the visceral fat body 
which is wholly mobilisable. 
Seasonal changes in the lipid content of the visceral fat body 
were therefore investigated to discover when lipids are stored and 
when mobilised. 
a. Seasonal charnel in the percentn, - of lipid content in the Visceral 
fat bUd'r 
(i) }Females (Table 7; Fit. 41 
The mean percentage of' lipid content in the visceral fat body was 
8.5% in December, just prior to spawning, followed by a highly significant 
decrease to 2.6% during the spawning period in January - in February a 
highly significant increase to 4.8iä occurred, followed by a fall to 2.5% 
in March. There was no significant change in April. In May, when 
vitellogenesis began, a significant rise to 3.8% occurred. There was a 
further highly significant increase to 12.36% in early July, and then no 
significant chance until late August, when a highly significant increase 
to 23.33°looccurred. There was no significant change in September. 
There was a gradual decrease thereafter to 14.19% in October, followed 
by a highly significant decrease to 10.65% in early 
65. 
Fý c, r+ r o U) r rý tý ' 'r = ' H r ' m W A ( C) m CD 0. p N 'd eil CD m a> uý t 1 ct- F- c+ fd ct- Fl r-s c; fi I, C )j cý llý 
(D 1 0 ci- N I-1 I- f' C) S CD ct 
s- (u c ti (D ti E' ý' ý; ný Es P) fj ý,; CD E2 , ö fi o c: n cý t- i ` -4 
Co 
m ti Ö tD CR3 5vý% 
F 
t-l m Ul 
C 
c. - 
rl ch ffi Co C, ' ct 
Ii Go 
Fj 
- N r) N h1 ul - -' N O CD C) N CO C) Ol OD O CO 1 ; 
c o o L c o 0 0 o o c o o u o 
(l 
fir) --` C) ýn C) -{D O W C) O 0) W -J -J 0) CD )X) f`1 > -P- \-J2 u7 - CO N Co 1 rJ 'Si Ul Vl ;i 
tb 
-- to oý Cl) --) J -J (X1 O 0) W v, c c o o c o 0 0 0 0 o c" o 0 0 
ul LO n DO C07 C1 CC ýO 
ý1 "Eý- lD N DO \Jl Cl) N 
Vl N lC> -' V 
Üt Vl 
1 
rJ 
- -' N N - 
W W Ul O -E' V] C)) W N W N N -{-= N 0:. ` " c F e 0 0 0 0 0 0 o c o 0 0 0 r 
O, rn - -[im W W C) -J -J i () o-) "f, u X31 O (D UI lJ -mai C)) Oý Gl lSi U) 
E3 
rJ 
CD 
G1 
-' -' C)) Si \Jl -) -J Cl C)) W N -' \3 S 6' 
0 0 0 0 0 0 0 0 0 0 0 o c c o C) 
J J \t -s W -k -O Vl -J -fim C) -' -P r \-= J W X31 OD ýl J -N CU J Cl U7 N) '3) 
O O C) O O O C) (D C) C) C) O C) O 
0 o c 4 0 0 c c 0 c o c c o o 
N) N U) -ý CU 'f) "-' v) \-rl -'" fO N N N N N vl C) N C)) ) N) N N) \Sl --' -7 V1 \L) --` .ý 
H-' 
CD 
C) 
O O C) 0 O O 0 O O O C) C) C) O C) 
0 0 0 0 0 0 0 0 0 0 0 0 0 c e 
W N O -' N N O --' N N -. ) CC) -N Vl 
Gl 
- "D N O N ý-o -J 1; C 
O 0 0 O C) O 0 0 0 O O O C) O O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 N O O -- N l) co \11 -fim -h O C) - O F, ) C J o) rv Cl) CO 0 - (7) -fim O 0) J ýn E' :` r1 
CD 
O O 0 0 o 0 0 ö 0 ) 0 ) o 
o 0 0 
0 
0 
0 0 
ý! 1 
0 0 O . W N N -' O O N \) N ý3 1 C) 
Gam 
O Ln C) (b W C C ) 
-N 
Ul 
I 
Table `/' 
d 
ct 
QJ 
(U 
O 
r +, 
fZ 
N 
Co 
C) 
R 
r 
(I) C) 
v 
0 
rJ 
t". 
i1 ö 
tý 
0 
Fý 
w 
(t {J. 
n 
N' 
f0`J 
Y1 
U0 
LL1 
Li 
Q' 
LiJ 
C__) 
U-) 
f__1 
z 
F-H 
ý-i 
E, >C 
yýýýý 
`ý6 ý. ýr 
fc: { 
f-- 
C) 
L)- 
J 
L. ) 
CT) 
!n 
1 
i 
. 
I. 
iý ý- ý.: 
---ý . ý_- 
U- 
C) 
M tr) N Ln CD Lit U N Lrl CD 
Pigs 42 
U) 
W 
CJ'' 
LL J 
U 
U) 
z 
F--i 
-J 
'b--', ' 
G 
0 
cn 
s 
-, 
T 
T 
ILý 
_ý 
D 
L_I_____ _ 
trl o to 
f- 
D 
H 
i 
r--_ _ `------ý 
C) Ln o u; o P) : ýl N .-UC 
64. 
November and by a further highly significant decrease to 5.6% in 
late November just prior to spawning. In January, during the 
spawning period, a highly significant decrease to 3.1% occurred, 
followed by no significant change in February. 
It is clear then that the period of fat deposition started at 
the same time as endogenous vitellogenesis in May. It ended in 
October when the first fall in lipid percentage occurred, which was 
the time of maximum exogenous vitellogenesis and increase in ovarian 
weight. 
(ii) Males (Table 7; Fig. 42) 
The percentage of lipid in the visceral fat body in males was 
7.85% in December just prior to spawning, and it remained with no 
significant change in January over the spawning period. In February, 
after the spawning period, a highly significant increase to 10.75% 
occurred. In March, there was no significant change. A highly sig- 
nificant decrease to 8.87% occurred in April, followed by a further 
highly significant decrease to 6.06% in May when spermatogenesis began. 
In early July, a highly significant increase to 16.62 occurred. In 
early August there was no significant change. In late August there was 
a highly significant increase to 32.01%. There were no significant 
changes in September and October. The percentage of lipid in the 
visceral fat body fell progressively from early November when a highly 
significant decrease to 26.54% occurred, followed by a further highly 
significant decrease to 21.04% in late November, and then to January, 
during the spawning period, when a highly significant decrease to 
12.12% occurred. There was no significant change in February. 
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b. Seasonal changes in the visceroliposomatic index 
The visceroliposomatic index showed a seasonal cycle in both 
sexes. 
(i) Females (Table 7; Fig. 43) 
The visceral liposomatic index in females remained low after 
spawning and before gonadal recrudescence. During the spawning period 
in January, the visceroliposomatic index was at a very low value of 
0.067, followed by a highly significant increase to 0.15 in February. 
A highly significant decrease to 0.067 occurred in March, and remained 
without significant change during April and May. A highly significant 
increase to 0.44 occurred in early July, followed by a highly 
significant decrease to 0.36 in early August. In late-August, there was 
a highly significant increase to 0.84 with no significant change in 
September. There was a highly significant decrease thereafter to 0.38 
in October, followed by a highly significant decrease to 0.28 in early 
November and by a further highly significant decrease to 0.123 in late 
November prior to spawning. In January, during the spawning period, a 
further highly significant decrease to the minimum value of 0.06 
occurred, followed by a significant increase to 0.07 in February. 
It is clear from the above that there were two periods of 
changes in fat content. One (of deposition) started with the beginning 
of endogenous vitellogenesis in May and ended in October. The second 
period (of mobilisation) started in October, ending just after the 
spawning period in February. 
(ii) Males (Table 7; Fig. 44) 
The visceroliposomatic index in males, as in females, remained 
low after spawning and before gonadal recrudescence. In January, during 
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the spawning period, the visceroliposomatic index was at the very 
low value of 0.19, followed by a highly significant increase to 
0.25 in February. There was no significant change in March. A 
highly significant decrease to 0.21 occurred in April, followed by 
a highly significant decrease to the lowest value of 0.15 in May 
(when gonadal recrudescence began). In early July, a highly signifi- 
cant increase to 0.52 occurred, and remained without significant 
change in early August. A further highly significant increase to 
1.22 occurred in late August. Thereafter, the visceroliposomatic 
index fell progressively to 0.97 in September, followed by a highly 
significant decrease to 0.83 in October, 0.72 in early November 
and 0.50 in late November. In January, during the spawning period, 
there was a further highly significant decrease to 0.25. There was no 
significant change in February. 
It is clear from the above that in males, as in females, there 
were also two periods of changes in fat content. One period (of 
deposition) started with the start of spermatogenesis and ended in 
September, one month earlier than in females. The second period (of 
mobilisation) started in September, ending just after the spawning 
period in February. 
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4. Discussion 
A. The preliminary survey 
From the results obtained in this survey, it is clear that, 
in the powan, the bulk of the fat was in the muscle (never less than 
68.44% of the total lipids in males, and no less than 56.1% of the 
total body lipid in females), but this may be structural rather than 
a depot for later mobilisation as the percentage of lipid in the 
muscle was actually very low (less than 5% of wet weight of tissue 
in both sexes). Although there were highly significant changes 
between the percentages of lipid contributed by the muscle before 
and after spawning, they may be due to changes in the bulk of the 
' muscle rather than actual changes in lipid content. 
a. Mature females 
In mature females, prior to spawning, there was a gradual 
decrease in the musculoliposomatic index, the percentage of lipid 
content in the muscle, and in the percentage of lipid contributed to 
the total body lipids by the muscle. This decrease indicates that 
there was a gradual lipid depletion from the muscle in the pre- 
spawning period. The same pattern of changes occurred in the visceral 
fat body, in the liver, and in the liposomatic index. This gradual 
loss of lipid was accompanied by an increase in gonadoliposomatic 
index, and in the percentage of lipid contributed by the ovaries to 
the total body lipid. This inverse relationship would indicate that 
some of that lipid was being used in ovarian growth. 
During and after the spawning period in January, the fat contents 
of all organs and consequently the liposomatic index were low, but 
68. 
despite these low values, the percentage of lipid contributed to 
s 
the total body lipid by each organ, except the ovaries, was higher 
than before the spawning period, due to the shedding of ova from the 
ovaries which contained 39.93% of the total body lipid in November 
compared to only 2.93% in January. 
b. Mature males 
Male powan expend little of their fat stores on gonadal growth 
(testes contained less than 3% of the total body lipid). 
Prior to the spawning period, the liposomatic index remined 
high because there was little use of fat stores, probably simply in 
routine metabolism. During the spawning period in January the lipo- 
somatic index decreased to only 1.7 from 4.33 in the pre-spawning 
period in November. Since this fall cannot be attributed to spawning 
loss of gonad, it follows that the males must be engaged in some 
energy-demanding activity during this time; perhaps social behaviour. 
The fat content of the muscle, the visceral fat body, the gonad, 
and the liver showed similar patterns of changes to that shown by the 
liposomatic index. The percentages of lipid contributed to the total 
body lipid by each organ during and after spawning were similar to 
those in the pre-spawning period, except in the muscle when the 
percentage contributed to the total body lipid was higher than that 
in the pre-spawning period, due to the increase in the bulk of the 
muscle rather than in fat content. 
c. Immature females 
The liposomatic index in immature females showed no significant 
change between the pre-spawning period and during and after the spawning 
period probably mainly because there was no use of lipid for ovarian 
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growth. The same pattern of changes occurred in the muscle, the 
liver and the visceral fat body. 
d. Immature males 
In immature males there was no signifcant change in fat content 
between the pre-spawning period and during and after the spawning 
period, which indicates that there was no lipid used in gonad 
maturation. The only change in fat content was in the viscerolipo- 
somatic index which fell from 1.50 in November to 0.84 in January. This 
decrease may be due to the possibility that immature males emulate the 
mature males in terms of social behaviour. 
It is clear from the above that in immature fish, as in adults, 
there was some loss of lipid during the winter, but it was less extreme 
than in adults, probably due to there being no reproductive activity. 
It is also clear that lipids are mainly stored in the visceral fat body 
and the muscle. The liver provides a negligible store, therefore the 
measurement of lipid weight in the liver is not likely to provide a 
reliable indication of storage and mobilisation. The ripe ovary 
contained a high proportion of the body lipid, but it cannot be 
regarded strictly as a storage depot as these lipids are lost to the 
fish at spawning time. Muscle-contained lipids are drawn upon in 
winter, but the percentage content of this lipid is low (loss than 5%) 
and some of it may be structural rather than mobilisable. The main 
lipid store in powan is evidently the visceral fat body, which is 
wholly mobilisable. 
B. Seasonal changes in the visceral fat body 
In females, the percentage of lipid, and the visceroliposomatic 
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index were very low during the spawning period, followed by a 
highly significant increase in February. This increase implied 
that feeding was resumed immediately after spawning. This was borne 
out by the observation that the gut contents included powan eggs. 
Lack of food may have caused the drop in fat content in March. In 
spring and summer, the food available was sufficient for intensive 
lipid accumulation and routine metabolism. This increase in lipid 
content continued until October when it fell steadily to reach a 
very low value in January, during the spawning period. 
It is clear. that the increase of lipid content began in the 
spring when endogenous vitellogenesis began and it rose at the same 
time as the gonadosomatic index, which means that food consumption 
was sufficient for routine metabolism and ovarian growth simultaneously. 
This is similar to findings by Wootton et al. (1980 )on female stickle- 
et al. 
backs, Gasterosteus aculeatus (L) and Reshetnikov/1970) in the white- 
fish, Coregonus lavaretus. In winter when food is scarce a gradual 
decrease of the lipid content occurred, but the ovaries maintained a 
slow increase in lipid content, which suggests that visceral lipid 
stores are mobilised for ovarian growth in powan. Similar findings 
were observed in the goldfish Carassius auratus (L) by Delahunty and 
et al. 
Vlaming (1980); Reshetnikov7 1970) on the white fish CoreRonus lavaretus. 
In males, there was a similar pattern of changes to that in 
females. The minimum values of fat content of the viscera occurred 
just after spawning and at the beginning of feeding in the spring. 
There was a gradual increase of lipid content thereafter until late 
August and September when they reached their highest values. Then 
there was a gradual decrease until the spawning period in January 
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when a significant fall in the lipid content occurred, which suggests 
that males were engaged in energy-requiring activity. 
It is evident that the minimum values of fat content occurred 
after spawning in both males and females. These findings are similar 
to those by Shevchenko (1972) on the haddock Melanogrammus aeglefinus 
(L. ) and in the herring Clupea harengus by Wilkins (1967). 
It is clear also that at first there was a directly proportional 
relationship between fat deposition and gonadal growth until September 
in males, and October in females when an inverse relationship was 
noted. This inverse relationship has been described in some species 
e. g. Lamprey T, ým P= trz fluviatilis 
(Moore & Potter, 1976) and goldfish 
Carassius auratus (Delahunty & de Vlaming, 1980). 
This inverse relationship is well illustrated in fish where no 
gonadal growth occurred (regressed gonad, geriatric, or atretic). In 
these fish massive fat accummulation was observed even in the pre- 
spawning period and during the spawning period when lipid content in 
normal fish was- low. 
72. 
CHAPTER 4 
Somatic anabolism 
1. Introduction 
The growth of all tissues of the body, apart from the gonads 
and storage products, can be generally grouped together as "somatic" 
growth. Strictly we might define somatic growth as being a 
progressive increase throughout an animal's life, while non-somatic 
growth is cyclically reversible - gonads for example are "grown" 
only to be lost, lipids are laid down only to be metabolised. In 
Chapters 2,3 we have been looking at these two aspects of non- 
somatic growth. In this chapter we will look (more briefly) at 
somatic growth. 
Size of fish can be expressed in terms of length or of weight. 
Length is measured by different investigators in different ways. The 
most common length measurements used are: 
(i) Total length, also called "extreme tip length", extends from 
the tip of the snout or of the lower jaw when the mouth is closed, 
whichever protrudes farther, and the tips of the lobes of the tail 
when squeezed to maximum extension. 
(ii) Fork length, which extends from the tip of the snout or the 
lower or upper jaw (whichever protrudes farther) to the tip of the 
shortest median ray of the tail fin. 
(iii) Standard length, which extends from the tip of the snout to the 
hind margin of the hypural bone of the tail. 
The differences between these different lengths arise from 
choosing different reference points near the anterior end and near 
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the posterior end of the fish. In addition to the methodological. 
differences, length will vary with the condition of the fish, for 
example, whether it is alive or recently killed; after rigor mortis 
has set in; or at different intervals of time after preservation in 
formalin or alcohol (Ricker, 1979). 
For determination of growth, length has the advantage that it 
can only increase: the length of the vertebral column cannot shrink 
significantly. A disadvantage is that the actual size of a fish 
depends also on its shape: for a spherical fish to increase its 
volume by 10% would require only a very slight increase in length, 
whereas for an eel-shaped fish to do so would involve an increase of 
about 102 in length. 
Weight is measured generally as total wet weight. The dis- 
advantages of this system are that long-term growth, as change in 
weight, may be overshadowed by short-term increases and decreases in 
the size of cyclically-varying organs such as gonad and fat (Ursin, 
1979). It . ts usual to eliminate gonad weight as a variable by using 
"somatic weight" (total weight - gonad weight) because the gonad is 
easily weighed as a discrete organ. It is more difficult to eliminate 
lipid weight, because the lipids are widely dispersed throughout the 
body. Happily, the total weight of lipids in the body of powan is a 
reasonably low percentage (about 5% of somatic weight - see Chapter 3). 
Because the size of a fish depends both on its length and its 
shape, it is customary to express size as a combination of both 
factors: the "condition factor", which is a measure of the "bulk" of 
a fish. Just as in straightforward "weight" measurements, condition 
factor is influenced by cyclically-changing tissues, so a more useful 
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measure is the somatic condition factor, from which the gonads are 
excluded. The difference between condition factor and somatic 
condition factor reflects the state of gonad development. 
Although the bulk of the cyclical changes in weight of fish 
are probably due to the gonadal cycle, even the somatic condition 
factor shows a cyclical increase and decrease, mainly due to the 
general catabolism of proteins at certain stages of the reproductive 
cycle. Protein catabolism generally occurs at and after spawning, 
and may be associated with high plasma corticosteroid levels at that 
time (Fuller, et al., 1976). It is thus not possible to use somatic 
condition factors to indicate when somatic growth is actually taking 
place: a decrease in somatic condition factor might reflect either 
increasing length or decreasing muscle. No change in somatic condition 
factor might mean that growth in length was taking place, but that 
growth in weight was keeping pace with it. To determine what is 
actually changing demands that there should be some means of deciding 
whether growth in length is actually taking place at any given moment. 
Such studies are in progress (McCulloch, 1981), involving in vitro 
culture of scales in C. 14-labelled glycine. The rate of glycine 
incorporation reflects the rate of growth of the scale, and therefore 
of the fish. 
Virtually nothing is known of the growth of powan, either in 
terms of growth from year to year (Brown, 1983) or during the course of 
a year (McCulloch, 1981). Seasonal changes in the condition factor 
have been studied in the Windermere perch Perca fluviatilis (Le Cren, 
1951); in the long rough dab Hippoglossoides platessoides (Bagenal, 
1957); in the dab Limanda limanda (Htun-Han, 1978). Maitland's (1970b) 
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study of the annual condition factor in powan is incomplete. Other 
studies on powan are those by Scott (1979); Scott et. al., (1976); 
Fuller (1974). 
The liver shows some variation in activity and weight during the 
annual cycle of reproduction. The role of the liver during maturation 
of the sexual products has been explained by Reshetnikov et al. (1970) 
During gonad maturation in females, at the stage when there was a 
rapid increase in gonad weight (exogenous vitellogenesis), an increase 
in the weight of the liver occurred which suggested that there was 
an increase in hepatic function during that period. 
In the rainbow trout Salmo gairdneri during exogenous vitello- 
r 
genesis, when plasma vitellogenin levels were highest, rough endo- 
plasmic reticulum in the hepatocytes had its maximal development, 
the Golgi system was most active, and the size of the hepatocytes 
increased. After spawning, when vitellogenin levels were low, rough 
endoplasmic reticulum was only moderately developed, and the hepa- 
tocytes decreased in size (Bohemen, et a1., 1981). 
After vitellogenin is synthesized, it is not stored in the liver. 
There is either a direct secretion to the bloodstream (which would 
decrease the total protein concentration in the liver) or a very low 
storage capacity of vitellogenin in the hepatocytes. Despite the 
decrease in the total protein concentration of the liver during 
exogenous vitellogenesis, the hepatosomatic index increased indicating 
that there is either a storage of some substance other than protein 
or there is an increase in the activity of the hepatocytes which was 
reflected by the increase of some cellular components e. g. rough 
endoplasmic reticulum and Golgi complex (Bohemem et al., 1981). 
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According to Bohemen et al. (1981) glycogen and lipid droplets 
disappeared at the beginning of exogenous vitellogenesis in rainbow 
trout, and that reflected the metabolic demands of the hepatocytes 
during this period of intensive vitellogenin synthesis. 
The liver is a lipid depot in some species e. g. gadids, gobies, 
brown trout, and some other salmonids (Reshetnikov et a1., 1970). 
Glycogen is stored in the liver. In some species there is 
accummulation of protein and carbohydrates before the commencement 
of vitellogenesis. These proteins and carbohydrates are expended on 
the growth of the sexual products (Reshetnikov et al., 1970). 
In a study on the effects of food on the growth of carcase, 
liver and ovary, in female sticklebacks Gasterosteus aculeatus by 
Allen & Wootton (1982), the liver acted as an energy supply buffer 
between carcase and ovary which helped to insulate the ovary from the 
immediate effects of fluctuation in food supply. The liver weight was 
found to be correlated with food intake in many species e. g. winter 
flounder Pseudopleuronectes americanus (Tyler & Dunn, 1976); the cod 
Gadus morhua (Edwards et al., 1972); sticklebacks Gasterosteus aculeatus 
(Allen & Wootton, 1982). 
The production of bile and neutralization of toxic substances are, 
important hepatic functions in fishes (Reshetnikov, et al., 1970).. 
The hepatosomatic index has been used as an estimation of growth 
in the largemouth bass Micropterus salmoides (Adams & McLean in press). 
The hepatosomatic index and changes in liver weight have been 
et al. 
studied by ReshetnikoV 1970) in the white fish Coregonus lavaretus; 
Htun-Han (1978) in the dab Limanda limanda; Dawson & Grimm (1980) in the 
plaice Pleuronectes platessa; Delahunty & De Vlaming (1980) in the 
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goldfish Carassius auratus; Allen & Wootton (1982) in the stickle- 
back Gasterosteus aculeatus; Wingfield & Grimm (1977) in the Irish sea 
plaice Pleuronetes platessa; Medford & Makay (1978) in the northern 
pike Esox lucius. 
78. 
2. Material and Methods 
A. Sampling 
The samples described in Chapters 2 and 3 were also used for 
this section of the project. The basic sampling methods were 
described in Chapter 2. 
B. Assessment of somatic growth 
a. From the length and weight data, the following were calculated. 
(i) Condition factor: 
The condition factor is the ratio of body weight (including 
gonad) to total length3. 
Total weight (g) x 105 
Condition factor =X 100 
Total length3 
The condition factor was calculated for each fish in the monthly 
samples, and the mean was calculated to compare the differences between 
samples. 
Condition factors give an indication of the general fitness of 
the fish, in terms of food reserves (Deason and Hile, 1944). The 
condition factor which is calculated on the basis of total weight, is 
affected by the seasonal changes of gonad weight, especially in females, 
where the ovary may comprise 20f of the total weight of the fish. 
(ii) Somatic condition factor 
Somatic condition factor is the ratio of body weight (excluding 
gonad) to total length. 
3 
Total weight (g)_ gonad 5 
Somatic condition factor = 
weight (mi)x 10 X 100 
Total length3 
Somatic condition factor was also calculated for each fish in the 
monthly samples. The mean and standard deviation was calculated for 
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both males and females. These means were used to compare the 
differences between the monthly samples. 
The somatic condition factor which is calculated on the basis 
of somatic weight (total weight less gonad weight) gives a more 
direct index of change in somatic weight relative to length. Much 
of this somatic weight can be regarded as muscular and skeletal. 
Lipid reserves account for only about 5% (Chapter 3). 
b. The liver was also taken to study the changes in its weight 
throughout the year. The hepatosomatic index was then calculated 
as follows: 
weight of liver 
Hepatosomatic index = somatic weight of fish 
X 100 
The hepatosomatic index expresses the weight of the liver as 
a percentage of somatic weight. 
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3. Results 
A. Somatic condition factor 
a. Females 
(Table 8; Fig. 45) 
The somatic condition factor in females varies cyclically. The 
first increase in the somatic condition factor occurred by late 
spring (May) and early summer (June). In early July, during the 
period of endogenous vitellogenesis, a highly significant increase 
occurred, followed by a further highly significant increase in early 
August, and remained high thereafter until mid-September, during the 
period of exogenous vitellogenesis, when a significant decrease occurred. 
There was no significant change thereafter until November when a 
further highly significant decrease occurred. The somatic condition 
factor remained low during the spawning period in January. A further 
significant decrease occurred in February, just after the spawning 
period, and there was no significant change thereafter until vitello- 
genesis started in late March, April and May, when a gradual decrease 
occurred. 
b. Males 
(Table 9; Fig. 46) 
The somatic condition factor in males showed seasonal variations. 
The first increase occurred in spring (April, May), which was the period 
when-spermatogenesis started, followed by a gradual increase thereafter 
until early August when there was no significant change. The somatic 
condition factor maintained its high values until late November, when 
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Table 8. 
FEMALE 
Date 
No of 
Fish 
SOP 
Mean SD 
CF 
Mean SD 
IISI 
Mean SD 
18. 1.79 57 0.708 0.060 0.798 0.089 
8. 2.79 42 0.695 0.064 0.712 0.073 
22. 2.79 41 0.715 0.042 0.729 0.046 
29. 3.79 19 0.679 0.034 0.688 0.033 
5. 4.79 46 0.695 0.050 0.704 0.050 
19. 5.79 23 0.668 0.053 0.677 0.053 
3. 7.79 27 0.746 0.050 0.759 0.052 
2. 8.79 56 0.821 0.069 0.840 0.072 
29. 8.79 31 0.796 0.057 0.831 0.062 
23. 9.79 28 0.771 0.051 0.827 0.058 
18.10.79 55 0.769 0.047 0.853 0.055 
1.11.79 55 0.765 0.056 0.871 0.069 
28.11.79 59 0.718 0.046 0.850 0.063 
16. 1.80 21 0.71)4 0.044 0.753 0.056 0.896 0.144 
28. 2.80 49 0.692 0.050 0.706 0.053 0.894 0.253 
28. 3.80 64 0.704 0.054 0.713 0.054 0.813 0.181 
16. 4.80 35 0.696 0.048 0.719 0.080 0b765 0.099 
14. 5.80 24 0.676 0.050 0.685 -0.049 1.029 0.328 
25. 7.80 17 0.852 0.057 0.877 0.062 1.068 0.210 
21. 8.80 21 0.844 0.101 0.885 0.101 1.057 0.156 
19. 9.80 15 0.787 0.054 0.845 0.065 1.041 0.210 
25. 9.80 36 0.814 0.049 0.884 0.053 1.101 0.297 
22.11.80 14 0.730 0.036 0.860 0.045 1.383 0.333 
15. 12.80 13 0.694 0.034 0.859 ' 0.039 1.304 0.354 
21.12.80 32 0.709 0.041 0.864 0.050 1.221 0.230 
24. 1.81 32 0.703 0.046 0.742 0.072 0.914 0.259 
20. 2.81 25 0.656 0.058 0.668 0.059 0.921 0.228 
20. 3.81 44 0.675 0.064 0.685 0.063 0.900 0.412 
17. 4.81 8 0.704 0.028 0.711 0.028 0.754 0.190 
26. 4.81 11 0.675 0.030 0.681 0.030 0.777 0.247 
22. 5.81 7 0.673 0.53 0.681 0.053.. 0.733 0.144 
6. 6.81 31 0.770 0.179 0.786 0.184 0.886 0.212 
19. 6.81 18 0.760 0.063 0.771 0.063 0.964 0.239 
16. 7.81 32 0.799 0.056 0.814 0.057 1.138 0.246 
18. 8.81 14 0.808 0.052 0.837 0.045 1.051 0.110 
24. 9.81 17 0.824 0.048 0.880 0.057 1.182 0.226 
24. 10.81 9 0.730 0.036 0.833 0.041 1.514 0.168 
26. 11.81 55 0.719 0.084 0.854 0.102 1.377 0.238 
16. 1.82 17 0.691 0.055 0.717 0.056 1.012 0.230 
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Table 9" 
MALE 
Date 
No of 
Fish 
SCF 
Mean SD 
CF 
Mean SD 
HSI 
Mean SD 
18. 1.79 77 0.747 0.084 0.761 0.086 
8. ^ 2.79 52 0.747 0.039 0.758 0.040 
22. 2.79 34 0.766 0.053 0.775 0.054 
29. 3.79 52 0.742 0.040 0.746 0.040 
5. 4.79 59 0.775 0.074 0.779 0.074 
19. 5.79 70 0.736 0.059 0.739 0.059 
3. 7.79 48 0.791 0.048 0.794 0.048 
2. 8.79 48 0.827 0.050 0.833 0.050 
29. 8.79 53 0.816 0,043 0.829 0.044 
23. 9.79 46 0.809 0.047 0.826 0.048 
18.1 0.79 52 0.834 0.250 0.853 0.255 
1.1 1.79 62 0.806 0.078 0.823 0,078 
28.1 1.79 46 0.780 0.052 0.795 0,053 
16. 1.80 79 0.743 0.051 0.760 0.052 0.661 0.114 
28. 2.80 54 0.777 0.060 0.784 0.060 0.641 0.107 
28. 3.80 45 0.762 0.045 0.765 0.046 0.662 0.189 
16. 4.80 64 0.765 0.037 0.768 0.037 0.689 0.234 
14. 5.80 39 0.725 0.068 0.728 0.068 0.769 0.282 
25. 7.80 51 0.892 0.053 0.899 0.054 0.785 0.120 
21. 8.80 45 0.829 0.038 0.841 0.039 0.698 0.115 
19. 9.80 17 0.790 0.052' 0.809 0.054 0.539 0.080 
25. 9.80 39 0.824 0.042 0.843 0.043 0.548 0.060 
22.11.80 15 . 
0.776 0.051 0.791 0.054 0.596 0.087 
15.12.80 12 0.767 0.048 0.780 0.047 0.644 0.157 
21.12.80 18 0.760 0.048 0.774 0.049 0.748 0.245 
24. 1.81 51 0.751 0.038 0.764 0.039 0.546 0.097 
20. 2.81 49 0.747 0.033 0.754 0.033 0.676 0.110 
20. 3.81 55 0.741 0.084 0.745 0.085 0.695 0.208 
17. 4.81 22 0.736 0.034 0.739 0.034 0.641 0.183 
26. 4.81 17 0.763 0.038 0.766 0.038 0.573 0.143 
22. 5.81 33 0.747 0.051 0.750 0.051 0.636 0.208 
6. 6.81 34 0.767 0.049 0.770 0.049 0.750 0.263 
19. 6.81 25 0.772 0.038 0.775 0.038 0.740 0.117 
16. 7.81 36 0.805 0.054 0.811 0.054 0.880 0.126 
18. 8.81 19 0.797 0.034 0.809 0.036 0.759 0.058 
24. 9.81 13 0.830 0.043 0.849 0.047 0.715 0.107, 
24. 10.81 15 0.756 0.057 0.773 0.059 0.635 . 
0.067 
26. 11.81 55 0.770 0.042 0.784 0.044 0.649 0.076 
16. 1.81 23 0.754 0.039 0.768 0.041 0.615 0.115 
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the testes were at maximum weight. Then a significant decrease 
occurred until just before the spawning period in late December, and 
during the spawning period in January. The somatic condition factor 
remained low throughout the winter. 
B. Condition factor 
a. Females 
(Table 8; Fig. 45) 
The condition factor in females showed pronounced seasonal 
variations. Although the condition factor was low throughout the 
winter, a further significant decrease occurred in late April and May 
during the early stages of gonad development. In early July, during 
the period of endogenous vitellogenesis, a highly significant increase 
occurred in the condition factor. There was no significant change 
thereafter until late September, during the period of exogenous 
vitellogenesis, when a further significant increase occurred. The 
condition factor remained with no significant change thereafter until 
the spawning period in January, when a highly significant decrease 
occurred, followed by a further highly significant decrease in February, 
and remained low throughout the winter. 
b. - Males 
(Table 9; Fig. 46) 
The condition factor in males showed seasonal variations, though 
less pronounced than in females due to the difference in size between 
ovaries and testes. The first 'significant increase in the condition 
factor occurred in late April during the period of early spermatogenesis, 
and remained with no significant change throughout May and June. In 
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July a highly significant increase occurred, followed by a gradual 
increase therafter until late October or late November when a highly 
significant decrease occurred, followed by another fall during the 
spawning period in January. 
Differences between condition factor and somatic condition 
factor in both sexes, indicate how much the gonads contribute to 
these cyclical variations, and since the fat contents of powan are 
low (less than 5%), we can confidently say that what is left from 
these cycles represents the annual cycle of protein (mostly muscle) 
anabolism and protein catabolism. 
C. Hepatosomatic index 
a. Females 
(Table 8; Fig. 47) 
The hepatosomatic index in females showed a marked seasonal 
midsummer 
cycle. The first significant increase occurred about when gonadal 
recrudescence started. The hepatosomatic index remained high but'with 
no significant change throughout the summer when endogenous vitello- 
genesis was occurring. In late November a further highly significant 
increase occurred,, and the hepatosomatic index maintained its high 
values until the spawning period in January when a highly significant 
decrease occurred. There was no significant change throughout the 
winter until gonad development started in May - June. 
b. Males 
(Table 9; Fig. 48) 
The hepatosomatic index in males showed seascnal variations. 
After spawning took place the hepatosomatic index remained with no 
significant change throughout the winter, spring, and early summer. 
Fig, 47. 
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In late August, a highly significant decrease occurred, followed by 
a further highly significant decrease in September. In late November, 
a significant increase occurred in the hepatosomatic index, and remained 
with no significant change until the spawning period in January when 
a highly significant decrease occurred. Just after the spawning 
period in late February, a highly significant increase occurred, and 
there was no significant change thereafter until mid-summer after 
spermatogenesis had started. 
p 
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4. Discussion 
A. Somatic condition factor 
(Tables 8&9; Figs. 45 & 46) 
In females, the somatic condition factor increased by late 
spring at the time when gonadal recrudescence started. This increase 
is maybe due to the availability of food during this time. In the 
summer months the somatic condition factor increased gradually, 
accompanied by a gradual increase in the gonadosomatic index which 
means that females lay down reserves and grow gonad synchronously. 
This synchronous increase in both somatic condition factor and gonad 
size is due to the rich amount of plankton available during these 
months. In September, during the period of exogenous vitellogenesis, 
the somatic condition factor decreased which suggests a depletion of 
body reserves to meet the requirements of the rapid increase in the 
size of the ovaries during this period. The highly significant 
decrease in the somatic condition factor just prior to spawning means 
that, because powan does not feed at this time, there is a loss of 
energy from the muscle to meet the demands of routine metabolism and 
gonad maturation. During the spawning period, the somatic condition 
factor decreased probably due to the energy requiring spawning 
activities and routine metabolism. 
In males, the somatic condition factor showed a similar pattern 
of changes as that in females with the exception that in females it 
fell earlier because of the nutrient; requirements during the period 
of exogenous vitellogenesis, while these requirements are less in 
spermiogenesis. The decrease in the somatic condition factor prior 
to spawning, is because powan do not feed during this period or may be 
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due to the energy requirements for migration to the spawning grounds. 
The highly significant decrease in the somatic condition factor during 
the spawning period suggests that proteins (mostly muscle) are utilized 
to meet the energy requiring spawning activities. 
From tables 8 and 9 it is clear that there are slight differences 
between the annual cycle from year to year in both males and females. 
B. Condition factor 
The changes in the condition factor in both sexes showed similar 
patterns of changes. These changes were more pronounced in females 
due to the bigger size of the ovary especially in the late stages of 
development. The shedding of the ova during the spawning period was, 
I therefore, one of the reasons of the sharp decrease in the condition 
factor during this period. 
(Tables 8&9; Figs. 45 & 46) 
C. Hepatosomatic index 
In fishes which store their energy reserves in the liver, the 
hepatosomatic index can be used as an alternative to condition factor to 
assess the gross nutritional state of fishes (Jensen, 1980). 
In females, the first increase in the hepatosomatic index occurred 
in May at the time when gonadal recrudescence started. This increase, 
which was maintained throughout the summer is due to the food availability 
during this time and/or as a result of an increase in the hepatic 
function under the influence of female sex hormones. This increase in 
the hepatic function results in an increase in weight and metabolic 
et al. 
activity of the liver (Reshetnikov7 1970). The second increase in late 
summer and autumn is due to the fact that during the period of 
exogenous vitellogenesis, the activity of the liver increases to 
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produce enough vitellogenin to meet the ovaries demands, and this 
increase in activity leads to the increase in the size of the 
hepatocytes (Bohemen et al., 1981) and consequently the size of the 
liver. The highly significant decrease in the hepatosomatic index 
during the spawning period could be due to the fact that the 
activity of the liver decreases because no vitellogenin is needed 
during this period, and perhaps some of the energy, though very small, 
was used during the spawning activity. The hepatosomatic index 
remained low after spawning and throughout the winter, perhaps due 
also to the decrease in the liver activity and to the scarcity of 
food. 
In males, the changes in the hepatosomatic index are more 
difficult to explain. The decrease in August and September may be 
due to energy needed for gonad development, and because fish stop 
feeding in August (Slack, 1957). The significant increase in late 
November may be because no energy is needed from the liver for the 
testes because they were fully mature by this time. The highly 
significant decrease during the spawning period is due to the energy 
requiring spawning activities. 
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CHAPTER 5 
THYROID ACTIVITY 
1. Introduction 
Thyroid tissue is present in all vertebrates, but its gross 
morphology shows considerable variations (Bentley, 1976). The thyroid 
unit in teleost fishes is basically the same as that of other 
vertebrates, consisting of a follicle in which epithelial cells durround 
a central cavity which contains the colloidal secretion of the gland 
(Woodhead, 1975). These colloidal secretions are glycoproteins called 
thyroglobulin (Bentley, 1976). 
In most teleost fishes the thyroid gland consists of numerous 
follicles scattered in the connective tissue which surrounds the ventral 
aorta, and the branchial arch arteries. Follicles are found anteriorly 
towards the tip of the tongue and in the hyoid bones, and posteriorly as 
far as the fourth aortic branch. Occasionally they may be found further 
afield, even in the kidneys (Bentley, 1976). 
In other species, such as eels Anguilla anguilla and A. japonica 
the thyroid gland is more compact and is restricted to a region between 
the first and second branchial arteries (Woodhead, 1975). Some teleosts 
like the Bermuda parrot fish and tunas, the follicles are aggregated 
into 4 discrete encapsulated thyroid gland (Bentley, 1976). 
The relationship of the thyroid gland to the ventral aorta and its 
branches is necessary for the dispersal of hormones. 
Small thyroid follicles are usually circular in section, but large 
ones may be elliptical or oval. The appearance of the colloid changes: 
at some times it is dense and homogenous, while at others, during periods 
of secretory activity, the hormones are released into the circulation by 
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enzyme action, and the colloid becomes reduced in volume, vacuolated 
and appears granular (Woodhead, 1975). 
The synthesis of thyroid hormones within the follicles is 
stimulated by thyrotropin or thyroid stimulating hormone. In the 
presence of the thyroid stimulating hormone, the thyroid follicle cells 
accumulate diffusible iodine from the blood, which is then oxidized to 
reactive iodine, and subsequently bound to tyrosine creating 
3-monoiodotyrosine (MIT) and then 3,5-diiodotyrosine (DIT). Formation 
of thyroxine T4 (3,5,3,5-tetraiodothyronine) is thought to occur 
by a coupling of two molecules of (DIT) with subsequent loss of an 
alanine side chain. 3,5,3 triiodothyronine (T3) results from the 
coupling of one molecule of MIT with one of DIT (Donaldson et al., 1979). 
The initial iodination and subsequent coupling of tyrosine molecules to 
form T4 and T3 takes place within thyroglobulin which forms the "colloid" 
stored in the lumen of the thyroid follicles (Woodhead, 1975). 
The release of thyroid hormones from the glycoprotein thryoglobulin 
is promoted by thyroid stimulating hormone (TSH). Hormones released 
from the gland are bound to specific plasma proteins and are transported 
to various tissues in the body where they are metabolized. The effects of T4 
are much slower in onset but longer in duration than those of T3. T4 
can be bound more strongly to plasma proteins in a complex which may 
contribute to the difference in the time course of its effects from T3 
(Bentley, 1976). 
It is an established fact that in many teleost fishes there are 
seasonal changes in thyroid activity (Swift, 1960). Seasonal changes 
may involve changes in many factors, including ambient temperature and 
salinity, photoperiod, gonadal maturation and associated endocrine changes, 
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dietary status, behaviour processes (such as mating and migration), 
growth rate and energy expenditure. All of these factors have been 
suggested as being involved with thyroid activity (Leatherland, 1982). 
Methods available for the study of thyroid activity fall into 
two categories: - 
(1) The histological method, depending on the measurements of 
variations in the heights of the epithelial cells, and from the size 
and number of cells and amount of colloid in the follicles (Matty 1960). 
(2) The use of radio-active iodine. Radio-active iodine can be used 
to determine quantitatively the rate of iodine uptake or discharge from 
thyroid, hormone production by the gland or the rate of hormonal release 
into the blood. Two methods are available: 
(i) Competitive protein binding analysis (Braverman et al., 1971; 
Higgs & Eales, 1973; Milne & Leatherland, 1978). 
(ii) Radioimmunoassay. (Brown & Eales, 1977; White & Henderson, 1977; 
Osborn et al., 1978; Wright &-Youson, 1980). 
Since epithelium height and radio-active iodine output by the thyroid 
are not necessarily correlated, it would be better to study thyroid 
activity by measuring the hormone content of the blood rather than relying 
on histological data alone (Matty, 1960). 
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2. Materials and Methods 
A., Sampling 
(a) Blood Sampling 
Blood was collected immediately after fish were removed from the 
net to avoid any possible changes in the thyroxine and triiodothyronine 
levels. 
To collect blood fish were opened mid-ventrally from the cloaca 
to the gills, exposing the heart. A disposable glass pipette was 
inserted through the ventricle, the atrium, and sinus venosus into the 
right duct of Cuvier, from which the blood was withdrawn. An average 
of 1.5 ml of blood was collected from each fish in this way, though 
occasionally as much as 2.5 ml was obtained. Separate pipettes were 
used for pools of each sex. Only the first 15-20 fish at each catch were 
used to reduce any possible post-mortem change in hormones concentrations. 
Each sample was centrifuged at 4000 g for 15-20 minutes. The plasma 
was pipetted off into glass vials, frozen in solid carbon dioxide (CO 2) 
and stored at -20°C. 
(b) Samples for histological study 
A juvenile fish was-taken and the whole subpharyngeal area was 
serially transversely sectioned to locate the thyroid follicles. The 
highest concentration of thyroid follicles was found to be lying around 
the first gill arch base. Therefore, samples of the subpharyngeal area 
around the first and second gill arch bases were fixed in Bouin's fixative 
for at least 48 hours. 
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B. Determination of hormones levels 
(a) Thyroxine (T4) 
A competitive protein binding method was used to determine 
thyroxine concentration using a "Thyopac-4" kit (Amersham Comp. ) 
according to the makers' instructions. 
In this method thyroxine is extracted from the serum sample by 
95% ethanol, and added to a test vial containing I125-labelled 
L-thyroxine, human thyroxine binding globulin (TBG), adsorbent granules, 
and buffer. Thyroxine from the unknown serum competes with labelled 
thyroxine for a limited number of binding sites on the thyroxine binding 
globulin. The amount of radio activity bound is inversely proportional 
to the amount of thyroxine'in the serum sample. Separation of bound 
from free components of the system is achieved by means of the adsorbent 
granules, which themselves participate in an equilibrium between free 
and adsorbed thyroxine. A sample of supernatant liquid was withdrawn 
from the vial for counting. 
In this method there were two standards (known concentration of 
thyroxine in freeze-dried human serum). The concentrations of thyroxine 
in these standards were 0.8 pg T4/100 ml, and 16.5 jig T4/100 ml of serum. 
After reconstitution in 1.0 ml distilled water for each vial of 
standard serum, these standards were treated in the identical way as the 
unknown, as follows: 
(i) 1.0 ml of 95% ethanol was added to each of the extraction tubes. 
(ii) 0.5 ml of serum standard, or unknown serum was added to the 95% 
ethanol in the extraction tube, and-the. stopper inserted. 
(iii) Each tube was shaken briskly by hand to break up the plug of 
precipitated protein, and the contents were mixed thoroughly for 
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2 minutes on a rotary shaker and then centrifuged for 5 minutes 
at 4000 g. 
(iv) 0.5 ml of the clear supernatant liquid was transferred to the 
appropriate Thyopac-4 vial. Standard serum extracts were 
assayed in duplicate. 
(v) The Thyopac-4 vials were recapped and mixed on a rotary mixer 
for 30 minutes. At the end of the mixing period, the vials were 
removed and sharply inverted twice to wash any granules off the 
cap and sides. Vials were left to settle for a few minutes. 
(vi) 1.0 ml of the supernatant solution was transferred to a plastic 
counting tube. 
I 
(vii) The count rate of each sample of supernatant was determined. 
Not less than 20,000 counts for each sample were taken.. The- 
counter used was a Nuclear Enterprises N. E. 8312 ß/Y Liquid 
Scintillation Counter. 
Calculation of results: 
1. For each sample (standards and unknowns) 
C 
was calculated where 
1_ 107 
C Counts - background 
2. The mean value of-! for each of the 2 standards was plotted 
against its T4 value on linear graph paper. The two points were joined 
to provide the calibration line. 
3. From this calibration line the T4 values for the unknown sera 
were read off by using the determined values. T4 concentration was 
expressed as µg T4/100 ml serum. 
(b) Determination of triiodothyronine (T3) 
T3 was determined by using Thyopac-3 kit, which contained vials 
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containing adsorbent granules suspended in buffer containing 
liothyronine - I125 
(T3-I125), and a vial of standard reference serum. 
In the Thyopac-3 method, granules of solid adsorbent were 
employed. They had the property of adsorbing any excess T3-I125 
after the binding sites in serum samples had been saturated. The 
quantitative calibration of each sample was achieved by including 
in each batch of unknowns a standard reference serum whose Thyopac-3 
value had previously been accurately determined. 
After the standard serum was reconstituted by adding 1.0 ml 
distilled water, the following procedure was followed: 
(1) 0.1 ml of standard serum was added to a T3 test vial (in duplicate) 
and 0.1 ml of each sample serum to be assayed to a separate T3 vial. 
(2) Vials with contents were mixed by a rotary mixer at room 
temperature for 20 minutes. 
(3) Vials were left to settle for at least 2 minutes. 
(4) 1.0"ml of supernatant solution was transferred to a plastic 
counting tube. 
(5) The count rate of each sample of supernatant was determined by 
collecting not less than 10,000 counts for each sample. The counter used 
was a Nuclear Enterprises N. E. 8312 ß/Y Liquid Scintillation Counter. 
Calculation of results: 
The Thyopac-3 value for each serum sample was calculated by the 
following formula: 
Thyopac-3 value of 
_ 
Counts rate of unknown serum x Thyopac-3 
unknown serum value of 
Mean count rate of standard standard serum 
serum 
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Along with the serum samples, distiled water samples were also 
and 
used as blank in both thyroxine/triiodothyronine assays. They were 
treated in identical way as that of the standards and unknown samples. 
The count rates they gave were negligible. 
(e) Free thyroxine index 
A single T4 value or a single T3 value can be misleading in 
cases of any change in the level of thyroxine binding proteins. The 
derivation of the free Thyopac index from using both Thyopac-4 and 
Thyopac-3 overcomes this problem. Because it gives an estimate of 
"free thyroxine" it provides a more reliable index of thyroid function. 
Thyroxine is distributed in serum between the bound and unbound form 
according to the equilibrium: 
PT4 +U TBP = TBPT4 
where FT4 is free thyroxine, UTBP is the unsaturated capacity of 
thyroxine binding proteins, and TBPT4 is the thyroxine bound to these 
proteins. At equilibrium, by the law of Mass action 
K_ 
[FT4] [UTBP] 
PT 
where K is the equilibrium constant. From this the following relation- 
ship can be derived: 
K FT 4_ 
1TBPT41 
UTBP 
The UTBP level is proportional to the Thyopac-3 value, and 
TBPT4 is effectively equal to the Thyopac-4 value, so that the Free 
Thyopac Index (FTI) can be defined as: 
FTI Thyopac-4 value X 100 Thyopac-3 value 
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C. Histological Methods 
a. Tissues in Bouin's fixative were dehydrated and embedded in the 
same way as described in Chapter 2, and transverse sections, 7µm 
thick were cut. Sections selected for staining were those from the 
anterior area of the first gill arch base, the middle area, and the 
posterior area of the first gill arch base. 
Sections were stained in Erlich's Haematoxylin, and eosin, 
examined under a light microscope (Zeiss photomicroscope) and photo- 
graphed on Kodachrome 25, and Ilford Pan P films. 
All dimensions were determined with the aid of a Watson Shearing 
Eyepiece. 
b. Criteria used to assess activity were: 
(i) Number of follicles: 
In each fish, the number of follicles with colloid, the number 
of empty follicles, and the total number of follicles in the anterior, 
middle, and posterior area of the first gill arch base were counted, 
and the means determined. 
(ii) Percentage of follicles. 
Prom the results in (i) the percentage of follicles with colloid 
and percentage of empty follicles from the total number of follicles 
were calculated. 
(iii) Area of follicles and colloid: 
The diameters of at least twenty randomly-selected follicles in 
each fish were taken. From these diameters the area of each follicle 
was calculated. The mean follicle area of the 20 follicles was then 
calculated. This mean was used to calculate the total follicle area. 
Since some of the follicles used above were only partially full, 
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the diameter of the colloid for the same follicles were determined. 
These diameters were used to calculate the mean colloid area which was 
then used to calculate the total colloid area. 
(iv) Heights of the epithelial cells: 
The heights of the epithelial cells were determined as follows: 
In each fish examined, at least 20 randomly selected follicles 
were taken. For each follicle, the height of cells at four points in the 
follicle wall, 900 apart, were taken. The mean of these four readings 
is presented as the epithelial cell height for each follicle. The 
mean of the 20 follicles was then calculated. 
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3. Results 
A. Hormone measurements 
(a) Thyroxine T4 
(i) Males 
(Table 10; Fig. 49) 
T4 concentration showed marked seasonal variations. In February, 
just after the spawning period T4 level was 0.70 µg100 ml serum and it 
remained low (0.50 µg100 ml serum in March and 0.50 µg/100 ml serum 
in April) until May, when a rise occurred and the T4 value reached 
2.25 µg/100 ml serum.. In June, the T4 value fell to 1.30 µg/100 ml, 
followed by another fall to 0.82 µg/100 ml in August, and to 0.78 µg/ 
100 ml in September. In October T4 value rose to 1.00 µg100 ml serum, 
followed by another rise'to its second highest value of 1.50 µg100 ml 
in November. In December T4 value fell to 0.40 µg100 ml serum and 
remained low in January during the spawning period. 
From the above it is clear that there were two peaks of T4 value. 
One in May when spermatogenesis began, and the other in November 
the 
when the testes were mature just before/ spawning period. 
(ii) Females 
(Table 10; Fig. 50) 
There was also a seasonal cycle in females. After spawning time 
there was a gradual fall in T4 level. In February T4 level was 0.75 µg/ 
100 ml serum, falling to 0.45 µg100 ml in March, and to 0.40 µg/100 ml 
in April. In May T4 value rose to 0.50 µg100 ml, followed by another 
rise to 1.40 µg100 ml in June. Thereafter the T4 level fell to 
0.76 µg100 ml in August, and 0.79 µg100 ml in September. From 
October onwards there was a gradual increase in T4 level: 1.10 µg100 ml 
100. 
Thyroxine (T4) 
µg100 ml serum 
Month Male I Female 
February 1 0.70 
March 0.50 
April 0.50 
May 2.25 
June 1.30 
August 0.82 
September 0.78 
October 1.00 
November 1.50 
December 0.40 
January 0.70 
February 0.85 
0.75 
0.4 5 
0.45 
0.50 
1.40 
0.76 
0.79 
1.10 
1.30 
1.40 
2.30 
1.25 
Triiodqthyronine 
T) 
Male Female 
62.37 63.40 
71.80 70.60 
59.90 53.60 
61.68 76.63 
64.70 66.80 
74.00 65.10 
82.40 61.90 
81.04 76.94 
92.72 60.93 
83.45 61.35 
100.22 74.82 
64.62 65.53 
Table 10. 
Free Thyopac 
Index 
Male 4 Female 
1.12 1.18 
0.70 0.64 
0.83 0.75 
3.65 0.65 
2.01 2.10 
1.11 1.17 
0.95 1.28 
1.23 1.43" 
1.62 2.13 
0.48 2.28 
0.70 3.07 
1.32 1.91 
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in October, 1.30 µg100 ml in November, 1.40 µg100 ml in December, 
and it reached its highest value of 2.30 µg100 ml serum in January. 
There were two periocb of high T4 value. One in June, when 
vitellogenesis began, and the other was just before and during 
spawning period, December and January respectively. 
(b) Triiodothyronine T3 
(i) Males 
(Table 10; Fig. 51) 
Just after spawning, in February, T3 level was 62.4 and rose to 
71.8 in March. In April it fell to 59.9 and remained low throughout 
May and June. In August T3 value rose to 74.0 and gradually increased 
to 82.4 in September, 81.0 in October, and 92.7 in November. This was 
followed by a decrease to 83.5 in December, and a rise to 100.2 in 
January during the spawning period. 
(ii) Females 
(Table: 10; Fig. 52) 
T3 level of females in February was 63.4, followed by an increase 
to 70.6 in March, and a decrease to 53.6 in April. In May there was a 
rise to 76.6 followed by a gradual decrease to 66.8 in June, 65.1 in 
August, 61.9 in September. In October, T3 value rose to 76.9, followed 
by a decrease to 60.9 in November, and 61.4 in December. During the 
spawning period in January the T3 value rose to 74.8. 
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(c) Free Thyopac Index (FTI) 
(i) Males 
(Table 10, Fig. 53) 
The free Thyopac Index in males showed a seasonal cycle. In 
February, after the spawning period was over, the Free Thyopac Index 
was 1.12, followed by a decrease. to 0.70 in March. In April it rose 
to 0.83, followed by a rise to its maximum value of 3.65 in May. There 
was then a gradual decrease to 2.01 in June, 1.11 in August, and 0.95 
in September. Free Thyopac Index rose again in October to 1.23, followed 
by a further rise to 1.62 in November. In December just prior to the 
spawning period the Free Tyopac Index fell again to 0.48, and rose to 
1 0.70 in January during the spawning period. 
It is clear then that in males there were two maximum thyroidal 
activity periods, one in May when spermatogenesis started; the other 
in November just prior to spawning. 
(ii) Females 
(Table 10; Fig. 54) 
Again there was a marked seasonal cycle in the Free Thyopac Index 
in females. In February the Free Thyopac Index was 1.18, followed by a 
decrease to 0.64 in March, 0.75 in April, and 0.65 in May. There was then 
a rise to 2.10 in June followed by a decrease to 1.17 in August. There 
was a gradual increase thereafter to 1.28 in September, 1.43 in October, 
2.13 in November, 2,28 in December, and the highest value of 3.07 in 
January during the spawning period. 
It is clear again that in females there were two periods of high 
thyroidal activity, one in June when vitellogenesis started and the other 
was just before and during the. spawning period. 
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B. Histological Measurements 
The thyroid gland of Powan (Plates102-117)consisted of scattered 
follicles, anterior to and around the ventral aorta. The serial 
sections of juvenile and mature fish showed that thyroid follicles 
were present in the whole subpharyngeal area around the 1st, 2nd, 3rd, 
and 4th gill arch bases. The highest concentration of follicles was 
found around the first gill arch base. 
Each follicle was composed of a central lumen surrounded by a single 
layer of epithelial cells. Follicles were either empty, partially full, 
or full with colloid. The colloid stained mainly pink to red. In some 
follicles vacuoles were observed in the peripheral region of the colloid. 
In a few follicles colloid was granular (Plate 104). 
(a) Changes in number of follicles 
(i) Follicles with colloid 
1. Males (Table 11; Fig. 55)' 
In males there were no statistically significant changes in the 
number of follicles with colloid from spawning time in January until 
May when the number of follicles with colloid was 89 after being 59 
by mid-April. This significant rise in May was followed by a highly 
significant decrease to only 26 by early July. There was then a highly 
significant rise to 53 by early August, and the number of follicles 
with colloid remained without significant change during early and late 
September. The number of follicles with colloid rose significantly to 
86.33 in October, but remained with no significant change in November. 
In December there was a highly significant rise to 174.25. 
2. Females (Table 11; Fig. 56) 
In females the number of follicles with colloid during the spawning 
104. 
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period in January was 113, followed by a highly significant fall to 
43 by early February. By late March onwards, there was a steady 
significant increase to 78.33 in late March, 118.33 in April, and 
143.67 in May. The number of follicles with colloid fell significantly 
to 79 in early July and remained low until October when it rose to 
81.25. This rise was followed by a temporary fall to 65.75 in 
November. Then there was a highly significant rise in early December. 
The differences in the number of follicles with colloid between 
males and females were always highly significant except in early 
August, early September, October, and December. 
(ii) Total number of follicles 
1. Males (Table 11; Fig. 57) 
The total number of follicles in Males was 70.33 in January and 
remained with no significant change during early February. In March 
there was a significant decrease to 50. There was no significant change 
in April and May. In July, a highly significant decrease occurred when 
the total rinber of follicles was 40.5. Then there was a rise to 72 
in August. There was no significant change until October when a highly 
significant increase to 102.7 occurred. There was no significant 
change in November, but a highly significant rise to 223.25 occurred in 
December. 
2. Females (Table 11; Fig. 58) 
In the case of females there were two peaks in the total number 
of follicles. The first peak was during April and May when the total 
numbers of follicles were 165.33 and 181 in April and May respectively. 
The second peak was in December and January just before and during the 
spawning period when the total numbers of follicles were 200 and 
151.25 respectively. 
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Differences between males and females were highly significant 
except in early August, early September, November and December. These 
differences were significant just after the spawning period in early 
February and in October. 
(b) Percentage of follicles with colloid 
(i) Males (Table 11, Fig. 59) 
In males the highest percentage of follicles with colloid 
occurred in March when all the follicles were full of colloid. The 
percentage of colloid-containing follicles was 79.73% in January during 
the spawning period, and it increased to 93.17% in early February. 
This was followed by a rise to its maximum of 1O in March. In April 
'. the percentage of follicles with colloid fell to 83.3% and remained 
around that level throughout May. It then fell to 63.6% in early July. 
In August, the percentage of follicles with colloid rose significantly 
to 74.3% and then to 83.98% in early September. There was then no 
significant change throughout late September, October and November. In 
December it fell to 78.13. 
(ii) Females (Table 11; Fig. 60) 
In females, the percentage of follicles with colloid was 74.63% 
during the spawning period in January, followed by a rise to 83.13% 
in early February, then to 96.03% in March. In April it fell to 
71.67% and increased gradually to 79.5% in May, 88.57% in July. There 
was no significant change throughout August and September. There was 
then a rise to 89.55% in October, followed by a fall to 71.3% in 
November. In December there was another rise to 84.73%. 
Fig. 59. 
co Li_J 
cD 
0 
0 
U 
-1- F- 
Ll 
_1 U 
F-, 
O 
LL 
> 
0 
z 
O 
c 
Ll 
U') 
TI 
l 
"'l 
l-- 
L 
fl- 
rr Q 
s- 
CO 
Lii 
LL- 
z 
0 110 , -) 
Li ), 1 ), ý ! ýý ') I 
:)1 11 0.4 1-Y 
T 
. 
c: 
CJ 
C) tf C7 LI) C) Lri O Lfl O 
^- U C+- OD co N- N- K) 
Fig. 60. 
i 
UD 
LJ 
--ý 
LJ 
LL 
ED 
F-4 
Cý 
U) 
LU 
_J 
F 
_J 
LL 
Lý. Q 
Iv 
LJ 
Cý 
l 
C) 
r- 
C3 
CI- 
U) 
( '"1 
-ý 
__ý 
Z 
.ý 
r 
ý! 
Ci_ 
Cý 
LIJ 
L 
I 
_ý 
CD 
CD 1n C) C) Ln o in 01 Cr Co N f-- f- '-U 
Piojloo ýai, ý sal D! 11`-'t 
107. 
(c) Changes in follicles area and colloid area 
(i) Changes in mean follicle area 
1. Males (Table 12; Fig. -61) 
The mean follicle area in males was 0.02 mm2 in January, fell 
to only 0.001 mm2 in February. The biggest follicles in males were 
present in fish caught in May, with a mean area of 0.03 mm2. This 
was followed by a highly significant decrease to 0.009 mm 
2 in July, 
0.004 mm2 in August. There was a highly significant rise to 
0.008 mm2 in early September, followed by a highly significant decrease 
to 0.004 mm2 in late September, and remained with no significant change 
in October. Mean follicle area rose significantly to 0.01 mm2 in 
November, and fell again to 0.001 mm2 in December. 
It is clear from the above that there were two peaks, one in 
May when spermatogenesis started, and the other in November prior to 
spawning. But although there was a decrease in December, the mean 
follicle area rose significantly during the spawning period. After 
spawning there was a highly significant decrease to 0.001 mm2 in 
early February, followed by a significant rise to 0.009 mm2 in March. 
In April there was a highly significant increase to 0.029 mm2, 
followed by a significant rise to its highest value of 0.033 nm2 
in May. 
2. Females (Table 12; Fig. 62) 
In females the highest mean follicle area of 0.021 mm2 
occurred during the spawning period in January. There was then a 
highly significant decrease to 0.004 mm2 in February. In March there 
2 
was a significant increase to 0.07 mm and remained with no signif- 
icant change in April and May. 
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The lowest mean follicle area occurred in early September when 
it was 0.001 mm2 followed by a highly significant increase to 
0.003 mm2 in October. Then there was no significant change until 
January when it rose to its highest value of 0.021 mm2 during the 
spawning period. 
Differences in mean follicle area between males and females 
were significant except in January, August, and October. 
(ii) Mean colloid area (Table 12; Figs. 63 & 64) 
The mean colloid area changes followed the same pattern of changes 
of mean follicle area in both males and females. The only difference 
was that, the difference in mean colloid between males and females 
in August was highly significant. 
(iii) Total follicle area 
1. Males (Table 13; Fig. 65) 
During the spawning period in January the total follicle area 
was-1.27 mm2 followed by a highly significant decrease to 0.09 mm2 in 
February. From March onwards there was a steady significant increase 
until May when it reached its highest valud of 3.43 mm. , when sperm- 
2 
atogenesis began. In July the total follicle area fell significantly 
to 0.38 mm2 and remained low until November when it rose significantly 
to 1.33 ßn2. In December prior to spawning there was another fall to 
2 
only 0.25 mm 
2. Females (Table 13. Fig. 66) 
There was a similar pattern in females to that in males, but 
the highest value of 3.19 mm 
2 
occurred during the spawning period in 
January. After the spawning period there was a highly significant fall 
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Table 13. 
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to 0.21 mm2 in February. In March there was a highly significant 
rise to 1.36 mm2, followed by no significant change in April. The 
highest but one value of 2.27 mm2 occurred in May. It was followed 
by a highly significant fall to 0.43 mm 
2 
in July and remained low until 
2 
. December when it rose to 0.95 mm. 
It appears from the above that in females there were two periods 
of high thyroid activity, one in May and the other just before and during 
the spawning period. 
Differences in total follicle area between males and females were 
significant except in April, July, and August. 
(iv) Total colloid area 
1. Males (Table 13; Fig. 67) 
In males, there were again two peaks in the total colloid area, 
one in May when it was 1.82 mm2 and the other in November when it was 
0.76 mm2 and remained high during the spawning period in January. Total 
colloid area fell to 0.04 mm2"in February, and rose to 0.35 mm2 in 
March. There was a gradual increase thereafter to 1.01 mm2 in April, 
and the highest value was 1.82 mm2 in May. From July and throughout 
the summer the total colloid area remained low, the highest value 
being only 0.28 mm2 in September. In November it rose highly 
significantly to 0.76 mm 
2 
2. Females (Table 13; Fig. 68) 
In January, during the spawning period, the total colloid area 
in females was 1.7 mm2 - its highest value during the year. This 
maximum was followed by a decrease to 0.09 mm2 in February. In March 
the total colloid area rose to 1.17 mm2 but fell to 0.79 mm2 in April. 
There was another peak in May when the total colloid area was 1.25 mm2. 
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In July there was a highly significant decrease to 0.23 mm2, and total 
colloid area remained low until December when it rose to 0.49 mm 
2 
Differences in total colloid area between males and females 
were significant except in February. 
(d) Changes in ep ithelial cell height 
(i) Males (Table 14; Fig. 69) 
In males the highest epithelial cell height of 8.8 pm occurred 
during the spawning period in January. In February there was a 
significant decrease to 6.33 µm followed by no significant change in 
March. A highly significant decrease to 4.95 µm occurred in April. 
This was followed by no significant change in May. So the decrease in 
epithelial cell height from the spawning period in January until May 
was gradual. In July epithelial cell height rose highly significantly 
to 5.82 µm. This highly significant rise was followed by no significant 
change in August. By early September there was a significant fall to 
4.63 µm, followed by a significant rise to 5.19 µm by late September. 
Epithelial cell height fell significantly throughout October and November 
to reach 4.63 pm in October and 3.44 pm in November. In December, just 
before the spawning period, the epithelial cell height rose significantly 
to 4.57 µm. 
(ii) Females (Table 14; Fig. 70) 
There was no significant change in epithelial cell. height in 
females from January (5.96 µm) during spawning time until March 
(5.06 pm). In April, a highly significant rise to 6.06 pm occurred, 
followed by a highly significant decrease to 3.58 µm in May. In July, 
a highly significant rise to its maximum value of 9.27 µm occurred. 
113. 
Table 14. 
Epithelial cell height 
(I'm) 
Month 
January 
February 
March 
April 
May 
July 
August 
Early 
September 
Late 
September 
October 
November 
December 
Male 
Mean SD Mean 
Female 
SD 
8.80 1.70 5.96 0.91 
6.33 0.90 6.78 2.30 
6.24 0.86 5.06 0.32 
4.95 0.65 6.06 1.05 
4.63 1.46 3.58 0.49 
5.82 1.45 9.27 2.05 
5.37 1.13 4.57 1.49 
4.63 0.70 6.70 1.80 
5.19 1.05 -- 
4.63 1.03 5.97 0.84 
3.44 0.40 5.65 1.30 
4.57 0.81 3.70 0.68 
Fig., 6y. 
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Then it fell significantly to 4.57 µm in August, and rose significantly 
to 6.7 µm by early September. This was followed by a significant 
decrease to 5.97 µm in October. In November there was no significant 
change in epithelial cell height when it was only 5.65 µm. In 
December it fell significantly to 3.7 µm. 
Differences in epithelial cell height between males and females 
were significant except in February. 
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4. Discussion 
The considerable confusion which exists in the early literature 
on responses of the fish thyroid to environmental changes, is due, 
in part, to deficiences in the criteria for the assessment of thyroidal 
status. Histological parameters used as indicators of thyroid activity 
are now recognized to be unreliable (Drury and Eales, 1968; Swift, 
1960). There are studies in which pharyngeal radio-iodide kinetics 
and histological appearance give conflicting data of apparent thyroid 
activity (e. g. Gorbman, 1969; Swift, 1960). Determination of the 
thyroid hormones in serum must be expected to provide a more reliable 
index of thyroidal status. 
This study relied on both; measurements of thyroid hormone levels 
i 
and histological parameters viz. number of follicles, amount of colloid, 
mean follicle area, mean colloid area, and epithelial cell height. In 
general there was agreement between measured hormone levels and the 
histological parameters. 
Seasonal cycles were observed in both males and females. In 
these seasonal changes there were two periods of high activity in the 
thyroid gland. 
The first period was in spring and early summer: April and May 
in males; and May and June in females. This was the time when 
spermatogenesis and vitellogenesis occurred. The second period was in 
November and January in males and females respectively. This seasonal 
bimodality of thyroid activity was also found in Pleuronectes platessa 
(Osborn and Simpson, 1978), with plasma T4 and T3 maxima occurring in 
winter and summer. In Salmo gairdneri Osborn et al. (1978) reported 
highest T4 and T3 values in the winter and low levels in midsummer; a 
116. 
second peak of both plasma T4 and T3 may have been present during 
spring. 
In males there was a decrease in thyroid activity in December, 
just before spawning after being active in November. The low values of 
T4 in serum in December and January is in agreement with the findings 
of White and Henderson (1977) and by Osborn et al. (1978). Low T4 
levels at this time may reflect increased peripheral utilization of 
the hormones rather than a decrease in hormone secretion i. e. thyroid 
activity (Osborn et al., 1978). 
In females the maximum thyroid activity occurred during spawning 
time in January. This is in agreement with findings by Gorbman (1969); 
Matty (1960); and Dodd & Matty (1964). 
The high concentration of thyroxine in May and June suggests an 
increase in the secretion rate from the thyroid gland during this 
period. This increase is similar to that indicated by Swift (1960) in 
the brown trout Salmo trutta. 
The decline in the thyroid activity (based on hormone measure- 
ments) in summer may indicate a shift in the equilibrium between 
hormones released from the gland and peripheral utilization and degradation. 
Swift (1959) suggested that the enhanced rate of clearance of the 
hormones is inadequately compensated by an increase in thyroid gland 
activity. If this is true, then the highly significant increase in the 
epithelial cell height of the thyroid gland to 9.27 µm in females and 
5.82 µm in males in July, from only 3.58 µm for females and 4.63 pm for 
males in May, would mean that the thyroid gland was active in July 
despite the hormone measurements showing otherwise. 
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GENERAL DISCUSSION 
Growth processes in fish can be roughly categorised as: 
(a) Somatic growth, which in turn can be as (i) mainly muscle 
growth (conveniently measured by change in weight) and (ii) skeletal 
growth (conveniently measured as change in length), and (b) reproductive 
growth (largely gonadal growth, though changes in other organs 
associated with reproduction may occur), and (c) the growth of storage 
depots. The latter two aspects are markedly seasonal, with the ovary 
fluctuating from over 20% of total weight to virtually zero during the 
reproductive cycle, and lipid stores also varying widely at different 
times of year. The somatic weight also varies cyclically, with periods 
of muscle catabolism as well as anabolism, but the fluctuations are 
much less conspicuous. Change in length, only, shows no tendency to 
decrease under normal conditions, and is therefore a useful indicator 
of long-term growth during a fish's lifetimß. 
All the growth processes (including increase in length) are 
seasonal, with particular phases occurring at particular times of year. 
They are all inter-related; thus the growth of the gonads diverts 
metabolites which might otherwise have been available for somatic growth. 
The pattern of the cycles depends on the life-history strategy of the 
species; thus powan rely heavily on a large reserve of lipid laid down 
during the rich plankton-feeding in summer. To understand exactly how 
the growth processes inter-relate demands a precise knowledge of their 
timing; the powan was selected for this study because its reproductive 
cycle is precisely timed, and consistent from year to year. The aim 
was to relate the reproductive cycle to the lipid cycle as precisely as 
possible. The other main advantage of using powan was that studies are 
in progress on other aspects of its growth (O'Connell (in prep. ) - pineal 
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physiology; Yekrangian (in prep. ) - gonadotropins and gonadal steroids; 
McCulloch (in prep. ) - seasonality of growth; Pomeroy 
(in prep. ) - 
feeding; Brown (in prep) - annual growth). It should be stressed that 
the present study is not intended to stand on its own, but to form an 
integral part of the whole project. 
Reproductive cycles are commonly assessed in terms of gonadosomatic 
index, but although this index shows when processes which involve 
considerable change in gonad weight are taking place, it fails to reveal 
any where weight change is negligible. The use of light- and electron- 
microscopy in the present study have revealed that most of the phases of 
the reproductive cycle are not associated with the classical autumn 
equinox. 
The cycle of lipid deposition and mobilisation is clearly associated 
with the reproductive cycle. Deposition is restricted to a very short 
period in the year,. apart from a short period when the fish feed on their 
own ova. The stores are used largely for oogenesis, and levels fall to 
virtually zero in females, whereas males (and immature juveniles) are able 
to retain greater quantities. Males would appear to use a disproportionate 
amount of lipid in the prespawning period, perhaps suggestssome activity 
which is as yet unknown. 
The SCF provides a relatively crude indicator of protein anabolism 
and catabolism. Since it depends on change in length as well as weight, 
it is difficult to interpret, because young fish start to increase length 
early in the year, whereas old fish may not start until as late as 
September. Nevertheless, it is clear that muscle is drawn on, particularly 
in the females during winter. The high plasma cortisol levels reported 
in female powan at spawning time (Fuller et al., 1976) may be involved. 
Accurate measurement of protein, carbohydrate in various tissues during 
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the year would be of great value. 
The build up of protein, lipid and carbohydrate clearly depends on 
feeding, but there is only scanty information on feeding available at 
present. A study now in progress (Pomeroy, in prep. ) should clarify the 
situation. Clearly, however, feeding is cyclical. 
Whether growth is seasonal because it is limited at certain times 
of year by the availability of food (benthic prey is certainly abundant 
throughout the year) or by an innate cycle in feeding behaviour is not known. 
It would appear that most if not all the cycles are timed 
by environmental cues, or by the direct effect of one cycle on another. 
The present study does not pretend to identify any cues, but certain 
stages of the reproductive cycle, at least, are suggestedly associated 
with possible photoperiod cues. Only by experimental work can confirm- 
ation of the identity of the cues be established. 
An understanding of the controlling physiology of the cycles would 
be useful in manipulating them, and studies on relevant hormones are in 
progress (see above). The present study has concentrated on the thyroid 
hormones, because of their recognized involvement in the reproductive and 
lipid cycles. Because of the uncertainty of the roles of these hormones, 
interpretation is difficult, but they vary cyclically with a characteristic 
bimodal pattern. Because the exact meaning of spot plasma hormone 
measurements can be misleading, the findings were confirmed using 
histological-examination of the thyroid gland. 
In males, thyroid activity was high in spring (April and May) during 
the same time as spermatogenesis. This increase may be in response to 
increasing photoperiod and temperature, but steroid hormones are considered 
to increase thyroid activity (Singh, 1968,1969; Sage and Bromage, 1970; 
Higgs et al., 1977), so it may be the increase in androgen concentration 
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which causes this increase in thyroid activity. Since there was an 
increase in the somatic condition factor during this period it might be 
possible to argue that increasing day length and temperature promote 
T3 and T4 secretion which then, directly or indirectly, stimulates 
somatic growth. The second period of thyroid activity started in 
October (at the beginning of lipid mobilization). As it was found that 
lipid reserves were lowered in fishes treated with thyroxine (Barrington 
et al, 1961; Takashina et al., 1972; and Narayans_ingh and Bales, 1975b), 
it may be that thyroid hormones are involved in lipid mobilization during 
the late stages of gonad maturation. 
In females, there were also two periods of thyroid activity. The 
first of these periods occurred in May and June at the same time as 
endogenous vitellogenesis. This increase may also be a response to 
increasing photoperiod and temperature. It may also be due to the increase 
in oestrogen concentration during the early stages of the reproductive 
cycle. It has been suggested that thyroid hormones play a role in the 
regulation of gonadotropic cell activity in Salvelinus fontinalis 
(White 
and Henderson, 1977). In this species plasma T3 and T4 levels fell as the 
gonads matured, perhaps releasing gonadotropic cells from an inhibitory 
feedback loop. In powan the decrease in T3 and T4 concentration did not 
continue until spawning as in Salvelinus fortinalis., There is an increase 
during the period, of exogenous vitellogenesis. The increased thyroid 
activity during the, early stages of vitellogenesis may be involved in the 
promotion of somatic growth (by increasing. protein content). 
. The second period of thyroid activity started in 
October during the 
period of lipid mobilization (the time of exogenous vitellogenesis) which 
suggests that thyroid hormones may have been used in lipid mobilization. 
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The thyroid activity based on hormone measurements showed that 
the second peak of thyroid activity in males occurred prior to spawning 
in November while the second peak in females occurred during the 
spawning period in January. According to Leloup and Fontaine (1960), 
iodine is accumulated by the ovaries as well as the thyroid. The rapid 
growth of oocytes before spawning might, therefore, reduce the supply 
of iodine to the thyroid. If this is true, one would expect to find 
differences in T4 levels between males (which do not use iodine) and 
females (which use iodine) at or near the time of spawning which is the 
case in powan when males reached their second peak of T4 prior to 
spawning whereas in females the second peak of T4 occurred during the 
spawning period. 
In conclusion, there is either an indirect relationship between 
thyroid activity and the reproductive cycle through the involvement of 
thyroid hormones in promoting the growth of soma by increasing protein 
content or/and through the involvement in lipid mobilization which is 
necessary for the development of gonads. 
Or a parallel relationship coming from the apparent seasonal changes 
in thyroid activity during the reproductive cycle. 
Or there may be a direct relationship in females only during the 
late stages of ovaries development when there might be a use of iodine 
by the ovaries which prevent the thyroid gland from reaching its peak 
before spawning. 
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Plate 1 
Section through ovary of (spent) fish No. 27,16 January 1980; 
5 pm, Masson's Trichrome stain. Follicular calyces (PC) are 
abundant, with previtellogenic oocytes (PVO). Scale line 
corresponds to 500 dim. Zeiss x 2.5 planchromat objective. 
"Cibachrome" print. 
Plate 2 
Section through ovary of (spent) fish No. 27,16 January 1980; 
5 Etm, Masson's Trichrome stain. In the follicular calyces, the 
granulosa (G) has contracted away from the less elastic theca 
(TH). A very early previtellogenic growth-phase oocyte (PVO) is 
at bottom left, and a vein containing many erythocytes at the 
top of the plate. Scale line corresponds to 125 pm. Zeiss x 
10 planchromat objective. "Cibachrome" print. 
Plate 3 
Section through recrudescing ovary of fish No. 6,16 May 1979; 
5 w, Masson's Trichrome stain. Provitellogenic oocytes (PVO) 
at various stages of growth. The largest oocyte is undergoing, 
endogenous vitellogenesis (EnV); note the cytoplessic vacucles, 
peripherally-arranged nucleoli, and palely-staining cytoplasm. 
Scale line corresponds to 125 dim. Zeiss x 10 planchrcmat 
objective. "Cibachrome" print. 
Plate 4 
Section through ovary of fish No. 36,3 July 1979; 5 Exm, Nasson's 
Trichrome stain. Oocytes at an early stage of exogenous vitell- 
ogenesis. Note abundant vacuolisation of cytoplasm (V); 
deposition of yolk (Y); follicle (F); and previtellogenic oocyte 
(PVO). Scale line corresponds yo 125 rim. Zeiss x 10 planchromat 
objective. "Cibachrome" print. 
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Plate 5 
Section throu'h ovary of fish No. 21,1 August 1979; 5 µm, 
Masson', -; Trichrome stain. Oocytes at end of first phase of 
exogenous vitellogenesis. Note increase in size, and quantity 
of yolk mma. terial, accompanying an increase in the mean gonado- 
somatic index. Scale line corresponds to 125 µm. Zeiss x 10 
planchromat objective. "Cibachrome" print. 
Plate 6 
Section through ovary of fish No. 39,29 August 1979; 5µm, 
Masson's Trichrome stain. Oocytes at second stage of exogenous 
vitellogenesis. Some previtellogenic oocytes are present (PVO). 
Scale line corresponds to 500 µm. Zeiss x 2.5 planchromat 
objective. "Cibachrome" print. 
Plate 7 
Section through ovary of fish No. 22,23 September 1979; 5 ýIm, 
Masson', --, Trichrome stain. Oocytes undergoing exogenous vitello- 
genesis. note conspicuous oolemma (0) and yolk (Y). Two 
previtellogenic oocytes are present. The gonadosomatic index 
of this specimen (6.95) is very close to the mean. Scale line 
corresponds to 500 on. Zeiss x 2.5 planchromat objective. 
"Cibachrome" print. 
Plate 8 
Section through ovary of fish No. 7,1 November 1979; 5 kam, 
Masson's Trichrome stain. Later stage of exogenous vitellogenesis 
(gonadosomatic index = 11.99). Zeiss x 2.5 planchromat objective. 
"Cibachrome" print. 
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Plate 9 
Section through ovary of fish No. 21,29 November 1979; 5 tim, 
Masson's Trichrome stain. Final stage of vitellogenesis 
(gonad- 
osomatic index 15.47). Note abundant yolk. Scale line corresponds 
to 500 µm. Zeiss x 2.5 planchromat objective. "Cibachrome" 
print. 
Plate 10 
Section through ovary of fish No. 98,1 August 1979; 5 µm, 
Masson's Trichrome stain. Vitellogenic oocytes undergoing 
atretic resorption. Ncte hypertrophy of follicle (F) and 
blood, (E) 
. Two previtellogenic oocyte;, net affected 
by 
atresia, are visible (PVO). Scale line corresponds tb 125 µm. 
Zeiss x 10 planchromat objective. "Cibachrome" print. 
Plate 11 
Section through testis of fish No 
Masson's Trichrome stain. During 
division (SO) begins in the walls 
atozoa (Sz) remain in the lumen o 
corresponds to 30 vm. Zeiss x 40 
N. A. 1.4. "Cibachrome" print. 
. 30,16-January 
19,90; 5µm, 
spawning, spermato`onial 
of the tubules. Many sperm- 
f the tubules. Scale line 
planchromat objective at 
Plate 12 
Section through testis of fish No. 9,30 March 1979; 5 µm, 
Masson's Trichrome stain. Most of the residual spermatozoa 
(SZ) 
have been eliminated, and spermatogonial mitoses 
(Sg) are becoming 
common in the walls of the tubules. The gonadosomatic index is at 
its lowest for the year - 0.33 in this specimen. 
Scale line 
corresponds to 30 pm. Zeiss x 40 planchromat objective at 
N. A. 1.4. "Cibachrome" print. 
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Plate 13 
Section through testis of fish No. 46,15 May 1979; 5p1rn, 
Ma , son's Trichrome stain. All residual spermatozoa have been 
eliminaa. ted; and spermatogonia. l division is advanced, so that 
the seminiferous cysts (SC) are distinctly swollen. 
The gonadosomatic index is still low 
(0.4 in this specimen). 
Scale line corresponds to 30 µm. Zeiss x 40 plan. chromat objective 
at N. A. 1.4. "Cibachrome" print. 
Plato 14 
Section through testis of fish No. 13,3 July 1979; 5 Ii-m, Masser, '. -, 
Trichrome stain. Note rapid development of spermatocyte/spermatid 
stages following the summer solstice. Individual spermatogenic 
stages develop in cysts (C) in the walls of the seminiferous 
tubules, while the lumen (L) remains small. Scale line corresponds 
to 50 nm. Zeiss x 25 planchromat objective. "Cibachrome" print. 
Plate 15 
Section through testis of fish No. 8,1 August 1979; 5 µm, Masson's 
Trichrome stain. Spermatogenesis in progress. Virtually all 
spermatogonia have become primary spermatocytes (51), some of which 
are at metaphase (S1M). Early spermatids (St1) stain palely, and 
become progressively denser while still within the seminiferous 
cysts (St2); before being released into the lumen of the tubule (St3) 
where final condensation (St4) takes place. Scale 
line corresponds to 30 µm. Zeiss x 40 planchromat objective at N. A. 
1.4. "Cibachrome"print. 
Plate 16 
Section through testis of fish No. 9,1 August 1979; 5 µm, Masson's 
ocytes 
Trichrome stain. Secondary spermat/(S2) persist for a short time only, 
and are therefore seldom seen in sections. Legend as in Plate 15. 
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Plate 17 
Section through testis of fish No. 14,1 August 1979; 5 µin, 
Masson's Trichrome stain. Legend as in Plate 15. 
Plate 18 
Section through testis of fish No. 19,1 August 1979; 5 lam, 
Masson's Trichrom stain. Legend as in Plate 16. 
Plate 19 
Section through testis of fish No. 19,1 August 1979; 5 Pm, 
Masson's Trichrome stain. Legend as in Plate 15. 
Plate 20 
Section through, testis of fish No. 18,23 September 1979; 
5 µm, Masson's Trichrome stain. Showing increasing preponderance 
of spermatids and reduction in earlier spermatogenic stages. 
Legend as in Plate 15. 
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Plate 21 
Section through testis of fish No. 14, December 1979; 5 µm, 
Masson's Trichrome stain. Completion of spermiogenesis prior 
to spawning. Lumen of seminiferous tubule packed with 
spermatozoa (SZ), and inactive cells in the tubule walls (Tw). 
Scale line corresponds to 30 µm. Zeiss x 40 planchromat 
objective at N. A. 1.4. "Cibachrome"print. 
Plate 22 
Section through testis at end of spawning period; fish No. 2, 
16 January 1980. Residual spermatozoa (SZ) in lumen of tubule, 
and inactive cells in walls of tubules (TW). Scale line 
corresponds to 30 µm. Zeiss x 40 planchromat objective at 
N. A. 1.4. "Cibachrome" print. 
Plate 23 
Testis of juvenile (immature) powan, 15 May 1982,. x 6478, 
showing part of two tubules. A spermatogonium (sg) lies in one, 
with sortoli cells containing lipid droplets (LQ. Erythrocytes 
(8) are also present. Note the large eccentrically situated 
and finely granulated nucleus of the spermatogoniun, Wane'' 
material (nm) in the cytoplo gym, and electron dense cytoplasm. 
Plate 24 
Testis, 4'July 19, ýý2, x 5417. Spermatogonia (Sg) and sertoli cell 
containing lipid droplets (L). "Nuage" material (nm) is present, 
and the cytoplast, is less electron dense than in thn sý? eý ý`. atocsürli 
in the plate above. 
e ,,. k 
ori. 
pop 
ý. 
c 
J 

Plate 25 
Testis, 15 May 1982, x 5135. Spermatogonium 
sertoli cells (Sc) containing lipid droplets 
spermatids (St) are also present. The cytop 
spermatogonium is moderately electron-dense, 
chondria with dense matrix. 
(St) with adjacent 
(L). A few 
lamm of the 
containing mito- 
Plate 26 
Testis, 1 September 1982, x 8500. Spermatogonial mitosis. 
"Nuage" material is visible in both daughter cells, with lipid 
droplets (L) in sertoli cells. 
Plato 27 
Testis, 15 May 1982, x 106»5. 
nucleolus (NL) and associated 
nucleoplasm is also denser at 
nierýbrcne. Lipid droplets (L) 
are vi:; ib1e, bottoi: i ri<<; lit. 
Spermatogonium showing eccentric 
dense clumps of chromatin. The 
the perin:: eter close to the nuclear 
in the a sociated sertoli cell 
Plate 28 
Testis, 5 August 1982, x 7200. Spermatogonium (sg) with lipid 
droplets (L) in the adjacent sertoli cell. The nucleolus 
(NL) 
is in two parts, a dense medulla and a granular cortex. 
Chromatin occurs in dense clumps throughout the cytoplasm. 
Mitochondria (M) are conspicuous, and "Nuage" material 
(nm). 
A primary spermatocyte (Si), a secondary spermatocyte 
(52), 
and several spermatids (St) are also visible. 
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rl. f-t i. s, 15 May 1 ""? x 5L ermatogonial initooi. "I7ua -c" 
material is visible in form ci:, u,; hter cells. Lipid droplets (ii) 
lie in ( Ai e; -11. '-! Fairly late-stage 
I ion 
top lc: - . 
Plate 30 
Testis of uve: i le ( i: 
A srý., ato oniu... (S., ) 
An erythrocyte (Fi) at 
are visible, but they 
cells in adults. 
amature) pce. -I:., :? ay x: 12693. 
on the left, ai. d part of another at bot too. 
top rý:; ht. Parts of 3 sertoli cells (SC) 
lack the lipid droplets of active sertoli 
Plato 31 
Testis, 15 May 1982, x 6004. An early spermatogonium 
(Sc) at 
bottom of plate, with later states above"Sertoli cells (SC) with 
lipid droplets (L) in juxtapositions are evident, and at the left 
of the plate, a second tubule with parts of lipid-containinE, 
sertoli cells are visible. 

Plate 132 
Testis, 4 July 1982, x 10000. Early primary spermatocytes (S1) 
and part of a sertoli cell (top right) containing lipid 
droplets (L). Note mitochondria (PSI). 
Plate 
Testis, 4 July 1982, x 6800. Early 2rinary s c-rmatocytes 
(S1 
with conspicuou:. u mitochondria (N) and adjacent sertoli cells 
(SC) containin5 lipid droplets (L). Note nucleus of a sertoli 
cell (NSC). 
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Plate 3j 
Testis, 4 July 1982, x 53'72. Early primary spermatocyte (S1 
showing mitochondria (N) and "Nuage" material (nm). Sertoli. 
cells (SC) lie in juxtaposition, with typically elongated nuclei 
of irregular outline (DISC). Lipid droplets are conspicuous in 
the sertoli cells W. Cells foriin" the wall of the tubule NO 
and their nuclei ('ý7CN) lie, towards the top of the plate. 
PI ate 
Testis, 1 September 1982, x 12665. Primary spermatocyte (S1) 
with chromatin pattern beginning to appear. Mitochondria 
(M) 
and "Nuage" material still conspicuous. 
A 
Plate 36 
Testis, 18 October 190, x 8500. Early primary spermatocyte on 
left (Sie) and somewhat later one on right(Sii). Note "Nua-; e" 
material (nm) in the cytoplasm of both cells, and the more 
electron--dense mitochondria (N) in the later spermatocyte. 
Plate 37 
Testis, 15 May 1x'82, x 6320. Cyst of primary spermatocytes 
beginning to show Chromatin patterning. A sertoli cell (SC) 
with typical ovoid, irregular, nucleus (NSC) and cytoplasmic 
lipid droplets lies at the bottom of the plate. 
" 
Plate 40 
Testis, 5 August 1902, x 8500. Primary sperrmatocytes (S1 
showing early stages of chromatin patterning. Spermatids (St) 
lie at the top of the plate. 
Plate 41 
Testis, 5 August 1982, x 13125, Primary spermatocytes with more 
distinct nuclear chromatin patterning than that at earlier stages. 
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Plate 4 
Te$ti;,, 18 October 1982, x 6800. Primary spennatocytes with distinct 
nuc] a:: chromatin patterning. 
Plate 43 
Testis 5 August 1982, x 10625. Primary spermatocytes with distinctly 
patterned chromatin. Note mitochondria (M). A spermatid lies top 
right. 
Plate 44 
Testis, 18 October 1982, x 9500. Primary spermatocyte with 
distinctly-patterned chromatin. Note mitochondria (P). 
Plate 45 
Testis, 18 October 1982, x 8500. Primary spermatocytes (S1) 
with distinctly patterned chromatin. Spermatids (St) lie at 
bottom of plate, and a sertoli cell containing lipid droplets 
to the right. 
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Plate 46 
Testis, 191 October 1952, x 6800. Primary spermatocytes at 
metaphase. 
Plate 47 
Testis, 1 September 1982, x 4600. Cyst of early secondary sperm- 
atocytes. Chromatin is irregularly distributed in the large 
nucleus. Few mitochondria and little endoplasmic reticulum. 
Spermatids lie in the lumen of the tubule (LT) at the bottom of 
the plate. 
Plate 48 
Testis, 1 ;; e tc, : ber 1' >', x(s; 0 tc s 
showing irregular chromatin patterning and few mitochondria 
conspicuously polar in position. 
Plate 49 
Testis, 5 August 1982, x 5372. Secondary spermatocytes in more 
advanced stages of development, with irregular chromatin patterning 
more distinct (S2A) and, later still, with dark crescentric 
chromatin (S2B). A primary spermatocyte (Si) in a late stage of 
development is visible bottom right. 
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Ply-, tc 50 
Testis, 5 August 1982, x 6800. Secondary spermatocytes showing 
increasing density of chromatin patterning. At top left is a late 
sperm-t_id, and the fla ellae of others 
(F). Cytoplasmic bridges 
(CB) join adjacent secondary spermatocytes. 
Plate 51 
Testis, 5 August 1982, x 6800. Secondary spermatocytes at the same 
stage as in plate 50 and one in the "ring" phase 
(S2R) with 
peripherally-disposed chromatin. A fairly advanced spermatid (St) 
gives an indication of the relative sizes of secondary 
spermatocytes and spermatids. 
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Plate ý; r 
Testis, 5 August 199fß, ), x 56 ': 3. Second=: r;; spermatocytes at a 
slightly later stage than in plate 51. S1 lie at 
the bottom of the TI. - 
structure is unknown. 
Plate 53 
Testis, S August 
later stage than 
of the nucleus. 
restricted to on 
of sectioningg) a 
192, x 572. Secondary spermatocytes at 
in previous plate. Dense chromatin fills most 
In later stages, the dense chromatin becomes 
pole of the nucleus, giving (at some planes 
crescentic appearance (S2C). 
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Plate 54 
Testis, 5 August 1982, x 9000. Secondary spermatocytes, 
showing; rnitocrrcndria (M) and dense (DC) and pale (PC) 
cytoplasm. Lipid droplets lie at top and bottom of the plate. 
Plate 55 
Testis, '5 August 1982, x 10625. Secondary spernutocytes, showing 
polar distribution of mitochondria 
(N), end relative sparcity 
and greater density of cytoplasm at opposite end. 
Plate 56 
Testis, 5 August 1982, x 5372. secondary spe. 'matoCytes mainly 
at tbr; " C]'C`.; C 11. E 
11 i_. . (, 
Plate 57 
Testis, 5 August 1982, x 8500. Secondary sperr_atocytee 
at the 
"crf: scent" stage. 
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Plate 58 
Testis, 1 Septernrer 1982, x 5372. 
Secondary spermatocytes in 
metaphase 
(52). Smaller sperniat: i_ds 
(St) are visible top left. 
Plate 59 
Testis, 18 October 1982, x 11920. Early stage spermatids, 
with 
chromatin forming irregular patterns. 
One spermatid. 
(St) shows 
the mitochondria 
(Pi) concentrating in the region of 
the flagella 
(f). 
Pinto 60 
Testis, 4 July 1982, x 7200. Early stage spermatids (Si: ) 
without any percept-ible chromatin patterning. 
Plate 61 
Testis, 26 September 1 S'Es2, x 8000. Later stages of sperýmio enesis : 
chromatin is becomin4 more concentrated in the spermatids labelled 
(StA). Those labelled (StB) are at a much later stage, but still 
contained within a cyst. 
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Plate 62 
Testis, 5 August 1982, x 6912. Spermatids with more densely 
chromatin-filled nuclei: than in plate 61. Many flagella (F) 
area visible. 
Plate 63 
Testis, 5 August 1982, x 6600. Progressive condensation of 
nuclear chromatin. 
F] Fite 04 
Testis, 4 July 1982, x 10625.4 staks =, r condc, =fýtion of 
nuclear chromatin (Stl to St4). 
Plate 65 
Testis, 5 August 1982, x 11000. Final stages of chromatin 
condensDtion in spermatids. 
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3lti': e 66 
Testis, 26 September 1982, x 21340. Spermatozoa heads sectioned 
in various planes: longitudinally (StA); transversely 
(StB). 
Plate 67 
Testis, 26 September 1980, x 19800. Spermatozoa. Note 
condensed chromatin (C); aitochondrial "collar" (P1); flagellum 
(F); proximal, centriole (P); and distal centriole (D). 
Plate 68 
Testis, 18 October 1982, x 20400. Spermatozoa. Note condensed 
chromatin (C); mitocliondrial "collar" (I-1); fia; ellurz (F); 
proximal centriole (P); and distal centriole (D). 
Plate 69 
Testis, 16 October 1982, x 2555 5. Final stage spermatids. Note 
condensed chrornatin (C); mitochondrial "collar" (N); flagellum 
(F); proximal centriole (P); and distal centriole (D). 


_P-, -,, 
ate 70 
Testis, 1 October 1982, x 40>00. Spcrn tozoa. Note condensed 
chromatin (C); mitochondrial "collar" 
(T); flagellum (F); proximal 
centriole (P); and distal centriole 
W. 
Pla. tc- 71 
Testis, 26 September 1982, x 5056. Later stages in spcniatid 
formation. 
Plate 72 
Testis, 15 Mn; - 1932, x 4100. Dc2L ý,; iý__tc ,ý. (DSZý. 
Resorption occurs after spc.. v; r_ing. 
Plate %3 
Testis, 5 August 1932, x 4048. A spcrmatogonium (Sg) is on the 
left, a primary spermatocyte (S1) top right, secondary spermatocytes 
(S2) centrally and in the "ring" phase (S2R) at the bottom, and 
spermatids both within cysts and in the lumen of the tubule on 
the right. There are conspicuous lipid droplets (L). 
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Pl, ý t: e '74 
Testis ,5 August 
1082, x 4370. Primary sperniatocytcs (Si) on 
left, secondary spermatocytes 
(S2) in various stages of 
development, and spermatids. 
Plate? 
Testis, 5 August 1982, x 3094. An advanced spermatogonium (Sg) 
on left. Primary spermatocytes 
(Si) centrally, secondary spermato- 
cytes (S2) in various stages of development, and spermatids 
(St). 
P: i ate 76 
Testis, 1 September 19£x2, x 0O5. Section tL rsu-i: four cysts 
contain'_n¬;, from left to riLht, primary spematocyte_ (S1 ), 
advanced spe 'niatids (StA), early secondary spcrnatocytes (s2), 
early spermatids (StE). 
Plate 77 
Testis, 1 September 1982, x 6004. Primary spermatocytes (SI) 
on loft, secondary spermntoc; jtes (S2) above, and sperr;: atids 
(St) on right. 
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Plate 
-28 
Testis, 18 October 1982, x 8100. Primary spermatocytes (S1 
below, sperinaUds (St) top left, r? rid more advanced spern, atids 
(StA) top right. The central cell contains lipid droplets 
(L). 
Plate 79, 
Testis, 5 August 1982, x 5072. (Part of section shown in plate 
An advanced spcrmatogonium (Sg) lies top left, and 3 primary 
spermatocytes 
(S1) bottom right, and between them is a 'Ica scent" 
phase secondary spermatocyte (S2). Spermatids in advanced stage 
(St) and lipid droplets (L) are also present. 
I Plate 80 
Testis, 5 August 1982, x 5208. An early primary spcr. m tocyte 
(S1) lies top left, with f our later primary spernatocytes (SSA) 
centrally. One "ring" phase secondary spermatccyte (S2) is at 
the top, with lipid droplets to its right. Below are 
spermatids (St), with more advanced spermatids (StA) at bottom. 
Plate 81 
Testis, 4 July 1982, x 2955. Spermatogonium (Sg), primary 
spermatocytes (51), and spezmatids 
(St). Sertoli cells (Sc) 
containing many lipid droplets lie in juxtaposition to the 
spermatogonium at the bottom of the plate. The patterr of 
parallel lines is due to 1Qiife-scratches during sectioning. 
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PI ate 82 
Testis, 15 Nay 1982, x 10625. Interctial cell (I) surrounded by 
3 tubules. Abundant lipid droplets ir_ sertoli cells within 
the tubules. 
Plate 83 
Ovary, 15 May 1982, x 14155. Previtellogenic primary oocytes. 
That on the left shows the typical unvacuolated cytoplasm 
(C) 
with mitochondria 
(M); the granulosa of the follicle (G) with a 
typical elongated nucleus 
(N) in the inner zone; and the theca 
of the follicle 
(TH), which is more pronounced in the oocyte on 
the right. The oolemma is absent. 
Plate 84 
Ovr: ry, 5 Aur; ust 1982, x 1C500- Previi e, lc: enic primary oocytes 
(YVO). That on the right shows typical unvacuolated cytoplasm 
(C); the follicular granulosa with inner layer of elongated 
nuclei. (N) and outer fibrous layer (8); and wide theca layer 
(TII) with less elongated nuclei (TI-I? u). 
Plate 8 
Ovary, 15 May 1982, x 360A0. Primary oocyte, showing development 
of collagen (CO) in the outer region of the follicular granulosa. 
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Plate 86 
Ovary, 5 August 198?, x 1187h. Primary cocyte, showing 
inception 
of oolemra 
(o); dense particles are apparent internal to the 
follicular granulosa. 
(TH = Theca; G= zranulosa). 
plate 87 
Ovary, 4 July 1982, x 6800. Incipient V tellogenic 
(primary), 
oocyte. Note appearance of vacuoles 
(v) in cytoplasm, and of 
densely-stairlin elements of ooleirma 
(0). (TI, = theca; C= 
granulosa). 
Plate 88 
Ovary, 4 July 1982, x 16490. Progressive vitelloJenesis in 
primary cocyte. The cytoplasm (0) contains more vacuoles 
(v), 
and numerous mitochondria The de; Telopir.,; oolemma 
(0) is 
becomir6 evidont, and the theca in terna (TI. I) and theca 
externa (TIft) are dis tii týiishable. The follicular granulcsa 
(G) is well developed. 
Plate 89 
Ovary, 15 May 1982, x 10625. Froeressive vitellogenes-i.: in 
primary oocyte. The cytoplasm (C) contains vacuoles (V), and 
numerous mitochondria (M). The developing oolemma (0) is more 
conspicuous, and. the theca irterna (TI) and theca externa (TM) 
distinguis ate. The granulosa with a typical elongated nucleUS 
(N) is well developed. 
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Plate 90 
Ovary, 4 July 1962, x 26605. Vitellogenesis 
in primary oocyte. 
Note vacuoles in cytoplasm 
(V), and de,, velof: ing oolemma 
(0) with 
radial canals 
(Q 
Pjd t'- 1 
Ovary, 15 May 1982, x 20400. 
Vitellogenesis in primary ooc,, 'te. 
Note developing oolemma 
(0) with radial. canal:. 
(R), and vesicles 
(V) typical of endogenous v tellogenesis in 
the cytoplasm. 
Plate 92 
Ovary, 4 July 1982, x 20400. Vitel'ogenic primary oocyte with 
cortical vesicles (V) and mitochondria (N), and develcpir 
ooleuu_a (0) with radial canals (R). Part of an elongated nucleus 
is visible in the theca interna (7III), a and another in the 
granulosa (G). 
Plate 93 
Ovary, 4 July 1982, x 10625. Vitellogenic primary oocyte with 
conspicuous cortical vesicles typical of endogenous vi. telloý, enesis 
(V) and electron dense mitochondria (X) in cytoplasm (C). The 
oolemma (0) is becoming thicker. The textural difference between 
the cytoplasri. of the inner granu. loea (TG) and outer granulosa (OG) 
is evident. The theca (Tip) is relatively thin at this point. 
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}'late 94 
Ovary, 4 duly 1982, x 10625. A similar oocyte to that in Plate 93 
but showing typical steno idogenic cells (Sci) with tubulo- 
vesicular mitochondr_ial cr"is'.. ae (M) in the theca. The oolemma 
(0) is becoming thicker. 
Plate 91, 
Ovary, Q July 1982, x 5688. Primary oocyte at advanced stage of 
vitellogenesis, showing highly vacuolated cytoplasm. The section 
does not pass centrally through the oocyte, so that the radial 
canals in the oolemma (0) have been cut more or less transversely. 
Similarly, the elongated nuclei of the granulosa (G) have here 
been sectioned transversely. 
Plate 96 
Ovary, 4 July 1982, x 12665. A similar seci; ion to that in 
Plate 93. Vitellogenic primary oocyte with conspicuous cortical 
vesicles (V) and mitochondria (N) in cytoplasm (C). The co_lemma 
(0) with radial canals is becoming thicker. 
Plate 97 
Ovary, 4 July 1962, x 5688. P. section through an oocyte under- 
going vitellogenesis. Note vitellogonin droplets (Vi) passing 
from follicle to cytoplasm. 
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Plate 98 
Ovary, 4 July 1982, x 5372. A similar section to that in Plate 97 
Plate 99 
Ovary, 5 August 1°82, x 3910. Primary oocyte at advanced stage of 
vitcllogenesis, showing droplets of vitellogorrin (vi). The section 
does not pass centrally through the oocyte, no that the elongated 
nuclei of the theca (TH) and granulosa (G) have been sectioned 
transversely, as have the radial canals of the oolemma. 
Plate 100 
Ovary, 1 September 1982, x 3910. Primary oocyte at advanced 
stage of exogenous vit. ellcgenesis, showing vite]. 
J. o enirý drop]ets 
(Vi) passing between granulosa cells and through 
the oolOmmEt 
(o) 
into the cytople: sm. Part of a cortical vesicle 
(V) is vi. sib e" 
Plate 101 ' 
Ovary, A July 1982, x 36040. Section thruug; h oolenma 
(0) showiT19 
radial canals (R) cut more cr less transversely. 

Plate 102 
Transverse section through thyroid of male, 16 January 1982; 
7 µm, haematoxylin and eosin. Mean follicle area is moderately 
high (0.02 mri2). Epithelial cell height is at its maximum for 
the year (8.8 µm). Scale line corresponds to 75 µm; Zeiss x 16 
Neofluar objective; "Cibachrome" print. 
Plate 103 
Transverse section through thyroid of male, 14 April 1982; 7-m, 
haematoxylin and eosin. Mean follicle area (0.03 mm 
2) 
is 
increasirg from its post-spawning minimum. Epithelial cell 
height (4.95 im) is falling from its maximum at spawning time. 
Scale line corresponds to 75 µm; Zeiss x 16 Neofluar objective; 
"Cibachrome" print. 
Plate 104 
Transverse section through thyroid. of male, 15 May 1982; 7 FLm, 
Haematoxylin and ecsi_n. Mean follicle area (0.033 mm 
2) 
is 
maximum for the year. Epithelial cell height is still low 
(4.63 µm). Scale line corresponds to 75 µm; Zeiss x 16 
Neofluar objective, "Cibachrome" print. 
Plate 105 
Transverse section through thyroid of male, 15 May 1982; 7 Nmý 
Haematoxylin and eosin. 
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Plate 106 
Transverse section through thyroid of male, 5 August 1982; 5 pm, 
Haematoxylin and eosin. Mean follicle area is low (0.004 mm 
2), 
as is epithelial cell height (5.37 W. Scale line corresponds 
to 75 µm; Zeiss x 16 Neofluar objective; "Cibachrome" print. 
Plate 107 
Transverse section through thyroid of male, 1 September 1982; 5µm, 
Haematoxylin and costin. Mean follicle area 
(O. CCa mß_2) and 
epithelia]. cell heiL-iit (4.63 µm) remain low. Scale line corresponds 
to 75 p. m; Zeiss x 16 Neofluar objective; "Cibachrome" print. 
Plate 108 
Transverse section through thyroid of male, 10 November 1982; 5 µm, 
haematoxylin and eosin. Epithelial cell height is very low 
(3.44 µm). 
Scale line corresponds to 75 µm; Zeiss x 16 Neofluar objective; 
"Cibachrome" print. 
Plate 109 
Transverse section through thyroid of male, 1 December 1982; 5 in, 
Haematoxylin and eosin. The percentage of follicles containing 
colloid is rising towards its maximum in March. Mean follicle area 
is low (0.001 mm 
2). Epithelial cell height (4.57 pm) is beginning 
to rise towards its maximum at spawning time. Scale line corresponds 
to 75 µm; Zeiss x 16 Neofluar objective; "Cibachrome" print. 
Plate 110 
Transverse section through thyroid of fen, ale, 16 January 
1982; 7 µm, Eaematoxylin and eosin. Mean follicle area 
(0.021 mm2) is at its r-. 1aximum for the year. Epithelial cell 
height (5.96 pm) is high. Scale line corresponds to 75 pr.; 
Zeiss x 16 Neofluar objective; "Cibachrome" print. 
Plate 111 
Transverse section through thyroid of female, 1ý April 1982; 
7 µm, Haematoxylin and eosin. Mean follicle area has fallen 
2 
to 0.01 mm . Epithelial cell height is slightly increased 
(6. C6 µm). Scale line corresponds ', o 75 pm; Zeiss x 16 
Neofluar objective; "Cibachrome" print. 
Plate 112 
Transverse section through thyroid cf female, 15 May 1982; 
7 pm, Haematoxylin and eosin. Mean follicle area is unchanged 
from April. Epithelial cell height (3.58 µm) is at its minimum 
for the year. Scale line corresponds to 75 µm; Zeiss x 16 
Neofluar objective; "Cibachrome" print. 
Plate 113 
Transverse section through thyroid of female, 5 August 1982; 
7 µm, Eaematorylin and eosin. Mean follicle area is very low 
(0.005 mm 
2 )" Epithelial cell height has fallen from its July 
maximum to 4.57 µm. Scale line corresponds to 75 µm; Zeiss x 
16 Neofluar objective; "Cibachrorle" print. 
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Plate 114 
Transverse section through thyroid of female, 1 September 
" 1982; 7 µm, Haematoxylin and eosin. Mean follicle area 
(0.0008 mm 
2) 
is at its minimum for the year. Scale line 
corresponds to 75 µm; Zeiss x 16 Neofluar objective; 
"Cibachrome" print. 
Plate 115 
Transverse section through thyroid of female, 10 November 
1982. Mean follicle area is 0.004 mm2. Epithelial cell 
height (5.65 P. M). Scale line corresponds to 75 pm; Zeiss 
x 16 Neofluar objective; "Cibachrome" print. 
Plate 116 
Transverse section through thyroid of female, 1 December 
1982; 7 µm, Haematoxylin and eosin. Mean follicle area is 
0.005 mm2. Epithelial cell height is very low 
(3.7 µm). Scale 
line corresponds to 75 µm; Zeiss x 16 Neofluar objective; 
"Cibachrome" print. 
Plate 117 
Transverse section through thyroid of female, 1 December 
1982; 7 µm, Haematoxylin and eosin. Mean follicle area is 
0.005 mm2. Epithelial cell height is very low 
(3.7 pm). Scale 
line corresponds to 75 µm; Zeiss x 16 Neofluar objective; 
"Cibachrome" print. 
The results are available from Dr D. B. C. Scott, Zoology Department, 
University of `it Andrews. 
